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BKEFA(1E 


Some three years ap;o we were ill a scientiiic 

inquiry as to the com]X)sitiou of certain flnids used as 
writini? ink. As this work leil ns beyond the limits 
iiitjt'it^ted, and to the making; of many ex])(‘riinents not 
actually iv{|iiired at the time, and as there is need for a 
volume dealing adequati'ly with the subject, we thought 
it. advisable to emliody the results in book form. Wo 
found, it is tnie, a few Rinall books on ini: and many 
allusio|ato ink-making in old volumes and isolated papers 
in scientific journals ; but it seemed to ns that the matter 
nKjuired more comprehensive treatment., and the pre- 
sent work may be regarded as an att.em])t to supply that 
want. 

As fai^as time permitted we havi* tested the vaiious 
formula (jiioUnl, but, as may be seen by referenci* to the 
|)qjboiit lii^.’ftt ^e end of the Inxik, there are so many cases 
3f slight variations in composition that we have often 
»»)t6nt«d ourselves with a reconl of the statements put 
forward. • 

We liave pleasure in tendering our best thanks to those 
who have assisted us in our work. * 

Mr. It M. VrVkiauSf in particular, we are indebted 
For ths excellent drawings of the various galls (pp. 37 ' 46 ), 
the details of which could not have been nearly so well 
shown Hiy jjiotography. 

• iKessrs. ^ewman and Co.t of Soho Sqqjare, frere good 
enoigl^to afford uEAnuch information witJf r^rd to sepia 
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preparations, and to 8up|\’y ns with drieif spedij.'jnV&c., 
tor aniilyBis. * 

IV photographs of rfasil cephalopoda T/jw ' trilicn by 
iiB at the Geelo^ical '{fuseiin, Jernijn Street,, by the 
courtesy of the Curator. » ' 

To the autlioritfes at Kew we are indebted for jwnnis- 
siou to phot/O^'raph in the Museum aad in tJie,lterbariui)i. 

TheR/f//W/i kindly supplied ns with speciyienH 

of aniline dye-stuffs and innch val^aable infonnaticm 
regai'ding thPni. 

W'e have also to thank Messrs. Kvihr muf Co., who 
have kindly allowed us to use cejtain l)locks illustrative 
<rf printing-ink niachiuerj’, and have sent us san^lys of 
varioiib perinanent colourn. 

Lastlj, our thanks are due to Messrs. MmUkrtnn 
(oiif Cn,, of TiOnghtoii, for B])eciinens of ]x^rnianent pre- 
parations made by them. 

C. A.^I. 

T. C. H. 

UiaV** 1.N.V liONDOX W.c. 

AlHJtOt 1 
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<':iiliitii iiiK'- (nui ii)k-— Tin- 

I.iiiili'.l.'ipiif Tiini»iiiiiii Inuii c.iiImui Ik ».i 1I ink—- 

iiik*iii,ikiii*> S(ii>iitiiiri-\|H‘rinii‘i>N r>iii\iilM-il ».(ll 

ink— -Aiiiliiii' ink* -(•tTiiuiii iruiiliitnuis -Ollier ink-. 

Ancient Egypt. Tbt‘ ♦•iirlic.'tt list* of n Jiijiiiil wliich can 
be (ic.-icrilK'd as ** ink “ in fount! in IhoM* docunieuts on 
jiapynis which lune been among the archtuologieal 
treasiiriN of Kgypt. Although tin* history of Kg)’j>t has 
been traced ])ack for a ])t‘riod of nnin* than four thoiiRand 
years, and papyrus was employed as a writing material 
then* from very remote limes, the oldest sjK'cinien of the 
material e.\lant is a roll which dates from H.i'. 2500.* This 
possibly ivfers to the oldest si)ecimen which bears decipher- 
Qijile characters, for I'rofevaor /’///oArs iWro lias lomid 
fragments of pap\ ri which date from a thousand years 
earlier.t As hlgypt is still the subject of e.xploratiou, and 
as perjj^hable ailji’Ies have Iven found of a still earlier period 
than fist mentioned, we may reasonably hope that 
ink-written rgconls may some day come to light which will 
carrj^back the history* of the country to a more remote 
time. I’rofesjlbr found in one tomb, dating 

from 35CX) ikC., boskets, a coil of palm rope, wooden 
mallets, and chisels left belund by the workmen, together 
witj ^iwie pieces of pa*pyru8 which w’ere almost white ; and 
he attnVtes the 4*vcellent condition of these thin^ to tlie 
preservative nntuMof the clean dry sand which they 
ha^ been •buried tor so many centuries.} 

HPitfsh Mii'tt'HHi Httnlr, jSgG. p. .ii2 , 

JiiHfHifl ot thf Ciimeni (Ink Nu», iS H. 

JhiJ, 
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old Papyri.— In Case 'A (Ci reek ] 'apyii ), Britia'i ]!kiif8eiiv), 
cai],''be seen a number r ‘cSix^iinens datiiijr Iron) Hie iirbt 
cebtury of the ^hns^m^ era, and iilthpuf;'. in biaiiy ca.ses^ 
tiie pa|i3Tus is miivly xi fragments, t)ie ink is a^ black as 
it was die day tljat it wrs applied. TJie lettering in many 
of the-^e papyri is extremely beautiful, and compares very 
favourably with much of the hand^TKing that some of us 
have to decipher to-day. And it would set'in quite clear 
from ail eCcamiuatioii of many of these writings Umt the 
implement pinployed was a pen and not a brnssh. The * 
pai)ym.s in some instances is of a very light drab colour, 
and on this surface the old writing stands out with startling 
distinctness ; but when the material has assumed a dark 
brown or yellow tint, the writing is not so distinct, althongli^ 
tlie quality of the iuk i.s (juite ns i^oc d. ' • 

That ])aj‘ynis was not u cheap material i> shown by a 
specimen here, labelled “Aristotle on the (.’oristitiition of 
Athens. The only extant MS. of the work, hroiiglit from 
Egypt in i8qo. Written about .t i» lO^. in four rolls, in 
four diflereiit hands, on the baek of the papywis which 
Iiad already been n«ed (in 79I for the aceompts of 

a farm-bailiff named DidyniiH. near Jlermrqiulis.'’ 

Another specimen of great interest lies close to the ono 
first mentioned, namely, fragments of the of 

Hesiod. Jt is w’ritten in a linn and large hand in ve^y 
black ink, and the laWI tellsus that its dale is probably the 
fourlli or fifth centiiry,“contem]w»rary with tin* early MSS. 
on vellum, and .so marking the Iransitiim J'^m Ihe^one 
inateiid to the other.” 

Progress of Writing. 'Hie various sjieciftens shown in 
the King's library at the liritish .Museum^int Ws A — E, 
are designed to illu.'strate the progrt*ss of writing from the 
second century J!.t'.Jto the fifteenth cenlur}’ of our era, and 
at the same time they afford* testimony ns to the l^igl of 
ink eniploi’ed during the jH'riod* covered. Tlu^asis of 
the black ink iisinl on jiapyrus by tiie ipicient smbes was 
nndoubtedlyscarlKm, aimbstaiicf* wbic 1 t 4 md the advaiUage 
of beiiig easily iirocurable, while at the sii^ne rtnu* it was 
iiidestrnctilfie excejit by fire. Jt w'as prAafily Jirejiared in 
tlio form of is'egetable or aidmal charcoal, niftl was miivid 
with glim, dil, or varyisli. I'o^sibly, fortho*fiii^' writing, 
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«rate^ w^h gnin or glne as a ])inding materia], the 
medium mostly cui ployed, for«ft would flow more rejidily 
from the Teed quill used K lire writer. * 

^ III certain tliat the art of writing* ha.H a remote 
aiiti(pdty, and that the powemof receding thcaights in 
this way marks a distinct line of dmmreation between 
civilised man and t^%savage. Jt Is a matter of intei-eht to 
eftnsider th^ many diffenmt materials wlucli have l»een 
used*fcr writing uiwn in early times l)csides jApyrns. Soft 
\^d cnt into slicM and planed and polished was used in 
various countries, the ik‘u being a metal stylus, which 
simply scratched or indented the material. Later on, the 
wood tabletwit h a thincoatingof wax was employed, and the 
writiim upon it in the (‘.ase of ephemeral memoranda could 
fie (jTdctly effaced. Bark and |)alm leaves were also used 
for writings of a tenqwrary chwacter, and in some countries 
in later times both linen and silk have been so employed. 
The (‘hinese are credited with the invention of pujjer 
anterior to the Christian era, a blutement which need not 
e\a*ite tnq)rise when we remember that they antici])atcd 
Kurojie in the invention of iiriuting by nearly a thousand 
years We may assmiie that fur many centuries l)eforB 
this the art of writing in C’liiua had been brought to bome 
degree of perfection, 

• Among the lluiiian antiquities found in Britain, whiili 
are now de«|)Osite(l at the British .Museum, an* many siwci- 
mens of the stylus in ivory, hron/e, Ac., and some of these 
arevinned ^’’4h ■ sharp ])rojection, with which gniding lines 
could be ruled across tin* wuxi'ii surface of the tablets, 
Tlie reed jn't! was commonly used for writing on papyrus, 
and The steel was foroshadowed by a few specimens in 
bronze found in Jtaly, and one in England. This last is 
among the lloniano-British antiquilies in the British 
Mtve^m. Ti consists>of a Tubular piece of bronze, about 
five ind^.es in length, which has at one end a split nib, wliile 
tlietubi^is gradflally reduced in size tuwai'ds the other 
extj’umity,wliero itTiids in a solid piece, wbicH was probably 
used for •pressing down the wav in oiiSer to efface the 
writiftg. 

#ln fhe M?dia’vnl Ifooni at the Jlritish ^fiftenm may be 
found nfiny* siiccimens of writing; tableT.s, ^ome dating 
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beforc'tthe povcntli century, of greiit rarity and /ileft-fun.) 
great-.' value. Some of th y are what is known as ‘‘con- 
sular diptyclis," so-calleif because these foltj d tablets n ere 
at one time se.it c^veuionial pi'eseuTs by the Itoman 
consuls m their appointinutitto oflicial ja^rsoiis or to friends. 
.Many of the.se tablets are of ivory and are l)eantil'idly 
carved, and the &lab.s or ])la(jues are, .«»iinetinies of such a 
size (hat the ti\sks procurable at the time they weiv niade 
must hnvo been of unusual dimensions, or the artificers 
had some im;,ans of l)euding the material, the seci*el at 
which is now lost. 

Horcnlaneum Fragments. Tn 1 82 1 Sir // t'mjih r/f Iht / if 
read a jiaper before the Royal Institution.* in which he 
described a number of e.vperimen(s that he made with 
some fragments of pap\ri whieli had been found id tin* 
ruins f)f llercidaneniu. Of some of llies»‘ ])apyri lie says : 
‘•The black ones wbieh easily unroll, probably remalneil 
in A momt state without any ]H‘rcolatioii of water ; and tin* 
dense ones, eontaining eaitiiy matter, had probably been 
acted iijjon by warm w\ater which not only carrieil jut 0 tlie 
folds earthy matter .snsjumded in it, but likewisr di'^obed 
the starch and gluten used in preparing tlie ])a])yriis and 
glue of the ink, and distributed tlieiii through the suh- 
stancp of the ^ISS.’’ 

He made further e.\]KMinieiilft in the Museum at Naple% 
And of some of the .MSS. he jsays ; ‘‘These had lieen 
so penetrati’d by water that tliei*e were only a few' folds 
which contained word.', and the letters»w'ftf-e geiierj^dly 
erased, and the charcoal whieli had e(*in})Ose(f them was 
deposited in the fold.s of the .MSS." « 

He makes .some gtMieral observations, of wliieli tli6 fol- 
lowing is worth noting : 

*' ] looked in vain ^iiioiigst the .MSS. and on the animal 
(.so ) charcoal surrounding them for,\v.stige.s of lett^ri^in 
oxide of iron ; and it would seem from these circumjiAinoes, 
as well as from the omission of any menti-m of suim a sub- 
stance by /y/wv, that the Romans, up tonhis period, neyer 
used the ink of f/nll', and irvn for writing: /uidit is very 
probabM that the adoption of this ink, ranfl the use of 
parcbment, hook ])lace at the snnie^ time. I'or the in):, 
' \rf., 1821. ii. 191. 
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«oiu])osei: 0^ charcoal and solution of glue, can s&rcely 
he iua;|e to adhere t-o skin itvhcreas the free acid of 
llie dieiftical ^iiki tartly dissojles the gelatine of •the 
MSS., ^nd the whole substancS’adliei'es-aa a inoi'dant; 
iind in soifie old jiarchnicMits^ the i)^k of whk'h must 
have contained much free aeid, the lettera have, as it 
were, eaten thioiiRl^lhe .‘»kin. tlie etfed being always 
itlost violenffonthe side of the j)archniei^l containing no 
anitnal oil."'* 

* Tlie dism1i‘gralfciin (jf the pa]»,\rus hy Jhe action of 
water, alluded to ]>y Sir lltniqilnfi will be readily 

understood when we ivmember that this ancient writijig 
material was made of thin strips cut from ihe i*eed and 
cemented together. Tlie si rips \M‘re laid side by side, and 
tlien«jfljer strips were laid across them at right angles, the 
wluih* being stuck togetlieraud jilaced under piiesRnre so 
as to iV>rm a pnper-Iike sheet. Papyrus was first used as a 
single sheet, or in lengthy documents as n long roll of 
dillerent slinets joined togetlicr. hater on papyrus leaves 
wer<‘ bimid togeth<‘r as in a book. At a very early period 
l).apyrn.s was imjiorled into (Jreece and Italy. Tt nmtinued 
to be the chief writing material in Hgypt until the tenth 
century, and ujuj largely used in Hnro|)e after \ellnm had 
Ijcj'!! introduced. 

• Carbon Inks,- -\Vi* give ill u-strat ions (Figs, i, 2, and 
of vaflioiis writing implements dating back to alx)ut 
1300 li.c.. which are e.\hil)ited iu the Kg\ ptian department 
ot Hie Iii''Xi.sb .Museum. Tlie titles of these pictures 
sulliciently exjilaiii their mature. 

(Chinese, ^)r Indian ink, as it is commonly called in this 
I’onntry, wa^ made at a very early ])erioii, acconling To 
( 'liinese liLstoriaiis ns far back a.s lietween ii.{’. 2(197 and 
2397, the inventor being one Tn‘n-I\hci>. Full particulars 
oi fjie way it is luwiiifactuivd are given in a 6absei|uent 
ctiapt T. Its base, like that of early Kgyptiau and other 
inks, is cai’boii,* 


' TmK Ihj. •'i"’- iJ^2i ii- mi. 

t»S<'Vi*i!il (in* rtUiii*li«Nl ti» Nr II. Iliiw"" i*|M'r. nioMlv 

rilxiniiiK fnii^iiiMirh of |)ii|nnw nitli wriliia; ii]h)ii Mh'iii. Fig, l ^lll)ws 
1111 iitk 1111I. |M‘ii. ^|iil a n>l 1 of |Ki|>\nK aii«I FKi. 2 a>lH).\ rontaia* 
mL'roll>jJif )ii|»vriK 
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pliysicitin to Aoflbny and Cleopatra 
4^30), in a (fissertntiou on the|medicinal use ot £erbs, 
gives tll^|«opo^ ion of lainp-blb(^ and oil to b(‘ nseSJii 
\he iTianul'actur(* of tnk »/#«). ^ 

•J'/V/v/^/z/Ajilhu Homan enginrer and ari'liitecfc (B.c. 30 ■ 
A.n. J 4 ), (leserilies a metbod of fuvpariifg ink foi'uinml 
deroratioii : sn(»t. frojp pitch-pine being collected from the 
wails of a s])ptfially co!!ttrncti‘d cliamber, mixed with gimi 
and dried in the Min. • ^ 

' ^V/y///* { A.l». 23 mentions that w riting can b* readily 

sponged out, anil aUo s|K‘ak9 of the ditlerenf varieties of 
ink in n«>e in his tiim\§ 

Mtnfml (A n. lOO) sends a sjwnge with his newly 
written book of pnenis. so that the writing could be eH'aced 
*if t]if*^(fn posit ion did not merit approval. 

It is clear from Ihe'-e last two n*lerenri‘s that an oil- 
carbon ink cannot be meant, for it wonld Ik* impo-^sible of 
removal with w.aler. Kither a pivj»aration of lamp-black 
and gum must be referred to, or possibly an ink made 
from seyja. /'<ysyVN* (A.i>. 34 62) refers to ink becoming 
too thick and too jjale on adding water, and iise'i the wonl 

sepia. " ( 7/ 1 / e, a century earlier, ivfers to the use of t his 
iiatnial ink. 

^lany other natural inks, but of vegetable origin, have 
Ijyen used for Nvriting and marking in various parts of the 
world. AH are fiillv descrilM'd later on. 

Iron Gall Inks. — ^'riiemonk TheoiihUv\* ' who wrote an 
encyclpiwdia ut^ Christian art in the eleventh century, 
describes^ Jnrong other things, a method oi preparing 
writing ink 40111 thorn wood. An mpieous e.\tracl of the 
woo(l*w’as evaporated to diyness and tlie powder mixed 
w'itli green vifi'iol. This is the earliest reference which 
we liavc been able to lind to an iron-tannin ink. 

A treatise was imblishetk in Pnris'in 1393. under the 
litl? ft .Vy//e//// c f/c /^fi’/vjin which a method of preparing 
an iron iik with spills was described. 

• Volin t»liliiiii. I egS, in Uerk riml lintin. 

+ ]if 111 *. \\\. 10. J thsf. \\\\\.^ 52- 

§ yW. § #1. II i'. 10; , , »3- 

T 1 hi)|)]iiIi^ Jirirf^irH.H Artmu SiM«hi, hit. i,.rliiii>. \ 1 . V. AS. 
IlniilntV 4l1ll1^llltil)l . 
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Jliifltr, » doctor' of liftedicine of Hasli*, in /uj'f* d|>- 
scrilies tk* pre)Miration qf an indelible ink co]n])oniided of 
lawp-black and liusee^oi* He nlso nll^es fb c^loured^ 
inkfl, and in pvrtii'iilai^o sympatlietic inks. 

/V/n; ])j;offssior of inediciilV at ^VllicV^ 

wi-ote on inka, I^r Ac. ;t aiid described the 

composition of \arioiiK sorts of ink.^ /Hack ink is referred 
to asbein^' made from galls and vitriol, nhiIe\:olunred iifks 
are procured fnmi gums, woods, the juices of plantiif Ac. 

Sir A\ .l//o'#/f/i T/itnnps‘>n ivmarks* lhat ink ditl‘ers*iii 
tint at various jM'riods and in diller^mr countries, and lhat 
while in earl\ ^ISS. it is pnn- black, or slightly brown, in 
the Aliddle- .\ges it varies a good deal according to age 
and locality, lie abo tells ns that in Italy and Soullu‘iii 
Kiirope tlie ink of MSS i> generally blacker tlirfii,fn the 
north, and that a Spanish .MS. (>f the foiirlei'iitli or 
lifteenth century may usually k recognisinl by the pecu- 
liar blackness of the ink. The ink of the fifteenth century 
is often of a faded gny colour. 

The Lindiafarno Gospels. The MS. knmvi> as y/o' 
or TIti (insiHh »*/ S/, or 7 It*' 

Ihn‘li((,ii //ee/,is of great interest, for it is one of tin* 
earliest, and certainly one of the most beautiful, ^ISS. on 
vellum |)ossi'ss(‘d by the llrili'li 3IiiM‘iiin. Kour paintings 
represent ing the hhangelists pn-ci'de t he respectivelJosjtelji, 
and tlijve of them are sliown in the act «pf wri^-ing. It is 
noteworthy that the jwn. very plainly shown in the lignie 
<if St. .Mark, is cut like a (juill. 'Jhis uniMially 

fresh and clean, altliungli acconling to trmlifiov it was, 
11 ] ton uiK' occasion, lost at .sea in a violent sWirm, and was 
reeovensl at low tide by the intervention of St. CulBbert. 
'J’he date at which it was written is supjiosed to lie at the 
close of the sc-veiith century. This valnable .MS. is ]daced 
in a case next to ‘an .MS. of Sli.'J«*speai'e’s tiine^; ^aiid 
although one is nearly nine centtirU's older than the otTier, 
the ink of the earlier work is pei'fectly block <ind well 
preserved, while that o£tIie other is vi^^f much faded., 

AVith regard to the later .MSS. on pajuT and narchinent, 

‘ /A- .SrV/Ww. till, Wii. 71J, 
t li«iiiiliiii 1‘ihtiini. i6(x;. I 
J h’rtvi null Jj'/m /‘rtlHiH/riipfnf, 
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cSnliMig ^ur attention to tuose ;;lucli arc exhijiitcd 
in the casc-k at the liritish JI|uHeiim, llM^re is litttjp to 
ruiuplaiu rff in 4 ho^(jna]iiv of Hil iulf. The writing ii» 
luosl \y o^a licli dark-ln-owii, and \S^iiia3itake it that if an 
M^. has tluiif preserved ils fr(‘yinoBR {pr tliree qi* foi.r 
centuries the ink iiiav* Im* rcffarded as i>eniiaiient enough 
fur all practical piir|*ig^cs. It is interesting to note that 
income of tli^se iMiS»srtwo different inks have been used 
on the»4iaiiii‘ jmge. For instance, we have lieii tlio Bible 
wMcli lielongeu to Hilton, on the first page of which he 
lias entered in his own hand ineiiioinuda of flic liirtlis of 
liiin.self and inenibers of his fuiiiily. All the entries are 
written in a dark ink, with one exception — this is the 
entry ivferring to tlie birth of his daughter Deliorah on 
‘•llie%ifll of Mav, being Sunday, soinewlial before 3 of 
the clock in the nioniing, 1652/' The ink in this case is 
MTV pule, tlie loss of colour being possibly due to basty 
dilution. 

Transition from Carbon to Gall Inks. Tie' transition 
from caHlion ink to that mode frein galls ami iren is a very 
gradui'il one, and we liml many writers deploring the 
I IVects of that cliange. M r. J.n/A ^ { 1 803 ) complains tliat 
the modern ink is not e^nnparable with that used by the 
ancients, and attributes the deterioration to iiegligem-e in 
laaiiufacture. Me writes : “ ( lall-iint-s, copperas, and gum 
make up Uie composition of our inks, whereas soot or 
ivorj’ black was the chief ingredient in that of the 
micignts.'' 

.Vnother paragraph from the same source is worthy of 
jiiotation : 

.tlthough j)a])Pr is now chiefly made fnmi linen rags 
beaten to 11 jiulp in water, yet it may also be maile of 
nettles, hay, straw, parsnips, turnips, colewort leaves, flax, 
or guy lihrous vegetahle.V 

T’liis extract, written just a centnrj' ago, is interesting 
in view tlie citcunistauce that linen rags are now only 
used for tlic verj^ •finest grades o^ paper. .Wood pulp is 
now' largely eijiployed, and there is ground for the fear that 
ill the furiir»^it«will not be the jjuality of the iiA: which 


' Onffh f»/ 1IV///W/, l8oj.^p. 210. 
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will^cnlled intoqne«^ti6o,so inucb os the perujAii^^f t[ie 
iiiat^^rial upon which thc^ writing is recordefi. 

,We may also n()ti^*here “Some yhseiuifihns on 
i\ncieiit inks’’* yliichyonued the su\)ject of a comniimi- 
catioii^to llie llm’al Society by Sir tlnrltK^llm/Vin. We 
niade e.\j)enmenfa on various MSS. on vclliiin, dated from 
I he nintli to the fifteenth ceiiinrie.«s. ^The ink of some was 
still <|nite black, while that of otht‘rs varied from a diep 
yelIowi>Ii to u very jialc yellow. Tlie.se wcjjj* lent 
liiiii bv .Mr..W//. 

Jfe iiiadif seveml experiments, and conviiicpd himself 
that the ink used in lhe.se MSS. was inni-gall. “ \o rnuv 
of a black pigment of any sort was discc)\ eivtl.'' 

ife attributes “the greater dnialiilily of the more 
ancient inks’’ lo tin* moiv careful |ire])aratit»i» the* 
parchment or vellum; one wriling only resisted all the 
agents which he employed, ami that turned out snlwe- 
(jiieiiilv to be part of a very ancient prinh^d liook. 

Perhaps the change of which so many wiittn-s complain 
may Ik* more leasonably a.scril)L‘d to tin* want of know- 
ledge with ivgard to the pnjper p]' 0 |)orfi()ns of tin* ingre- 
dients empIo\ ed in the pivparation of ink, which had not 
yet attained the ]K).sitinn of an article of commerco. 

Domestic Ink-making. —It is very difliciill for iis in 
this twentieth century to realise a time in llrilain whmi 
the nit of writing wa^i a jxilitc aecomplislynent, only 
known ton privilegeil few; when the cominrrcial manu- 
facturer of ink did not, could not exi*-!, I'^r lie woulj lime 
stam*d through lack of custom. TJien it^^is.that'tlie 
cai'efal liousetvife w’ould rank it among her ilfitics to make 
ink. just as she made c.iidials, and compoimdisl meiWcineH 
of marvellous origin for the family use; aiifl we may lake 
it for grantinl thatrcci]ies for tin* manidaidurc of writing 
Iluids, synijiathetic ifnd other\vsp, w^ould lx* handed (k^wn, 
with other no.slniiiis a*; precious l^rirlooms from gentia- 
tioii to geuciulion- 

We have evidence 4 »f this in an *^tei*e&ting v(‘lnnie 
which was compiled a few years ago b;^ .Mi\ (It* riff 
)Vrthlr1k^ of XewcastIe-iipon-Tyne.+ i* a* lioQk of 

Util. fuH\. 17S7. [ii.]45i. 

\\mtHti Finrliuiumi ViiHH>>rn/itii. I.Sqo.* 
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faniny wbich came into liifflianrls bv an accideit. 
He IiaR reprodncW it in Jar s/z/z/Vaand it is »t?i‘tainlya 
most inteft%ting r^ic of domestic KfVin tjie sixteenth an*c^ 
^sefeiiteeiitli centimes • Jt deals wil|»air kinds of things, 
good»nud bJlii, fwm reciiM‘s for apjile ])aRncB to cures for 
tlie King's evil. And among tin* strangely*as8orted ifems 
we iind several reciiiM for making ink! Ry (lie kind 
permission of M#. W'n/Jff/ we reproduce one of t hese as a 
fi-ontisi»ifce : and as few, possibh, of onr reaflei^ will be 
{d>le 4 n (li‘ci])her (he strange oi’lligrapliy, the gist of a 
transcriplion which Mr. ir,fU// has been good Aiongh to 
snppl_\ . i^ given in dmp. iv. 

Anotlh*r recipe in thiN delightful old volume stands as 
i'cllows : 

■Tiik< iT^iiVirt til l.iir 'iniii;: waliT. oiH ihimivuI iii|i|H‘Pii‘, 

Ill Uilll. .Mill liiiii Iiiliiir'. n| i:iiiii-!iRilitrk llinn tnui'tlnT iiihI li-t 

•lli'lll ■•tiiinl 

Here i.s aiiotli'M’ iiietliod : 

‘l.iKi* linir iiiiiiiix. Ill {•mil iMiiliiik liiiit '•iiuiU. .! «iimi i ••nil UmI 
m'lis" Oin- iukI :i i|M;iit ol lli«MuiiiiiiU''iill ■‘iniiiu «li* 

^ I'm nil tlu'*!’ liitfflln i nnilNiiii tlimi j; m | tiim** .1 dm nliniit - 14 ilii\i"» 
till'll Mn III It tliriiii::li n 1 intli. 

Then follows tliis note : 

"I iiimli' ink li\ M* aliioi H'l 1. uiih |iiiiliiiu linll \i’ iii'iiliii'k ninl «■' 

1,11' miT w.l' ll'i'il.- 1\. tiltl.l-N. 

due more i^citie from Ihe same source Ls as follows: 

* ^Ir. .Mn'iiii. Km i'l•llmll. lil' lu-i lor innkiii!! ink, wliicli i' mti simmI 

”Tiik4> if 11 ( 1 : 11 *^ 14 1'iii I or oliirr vit( n.'ilor and put to it 4 ok ol In*'! 
Iiliii' {Rill* i'lii'*. Ii\ lll•;||tln-l^•t it Msuid warm tor 3 d.n> tln'ii add 3 ok. 
ol ni|)|M-r.i' 4 o/. ol^imi ditto roai li (lo' 1^1 idinni lot it '•tand J or 3 din* 
loriu'i'i- liii^xhakr It ii|i 3 Ol 3 (iiiii** a d:o |iiii a littli* I’nindi into tlir ink 
Till'' iNiltli-in It will li^iidcr it Inmi Moiddini'".” 

There is no date to any of these recipes. ^Ir. inM//. 
who has made a stnd\ of the (p'erent litfnd writings repro- 
dticet^iif this book, is of bjdiiion that the first of them, our 
frontispieei^ is co|||ainly Elizabethan, and that it was 
probably written at Jtlie end of the s^xteeiitli century by a 
man past middle age, who learned to write just about the 
time th{it Sliakespeare was burn (1504). 

A book on Jmna writing by Ja/m <A* Jitim and 
M. Jninf printed at Hlockfriars in 15;,!. entitled 
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tvnhiiiiliff/ flirfrs of Uanth. coiiiJiiiV“ IJples 
inaile by M. D. for lu| cliil(ln*n to hwise to write bye.” 
ifliey incbide (]ii\‘etiuJslor inakin«; ink^ TJu^e'ffi'e (|iKiipt 
moiijrli to dest‘ij't‘ ijitjcation : * 

III nitik^‘ I iiiiiiiiiiff \iii Ivf 4 i| \V\iii< l.iki- .1 >i>i.iUi’. 

I wo iiiiiii<-'> ol :!oniiii'' lot that in' a |i.irii' 

I'mi' Ilium', nj ii.illi*. of lojin* ^aki' lliii'i'. 

l.oii:> .taiiiliiii* ilmilli iiiaki' i( ih'IIi'i to Inc: 

II If till U.lllt MlXllf W.ltiT I- lN'.t, 

•\iiil a- linn h .tutlr a-^ alnixf at tin li'i‘i ' 

It iinki- In- tot link, )iitl \iiiff|i‘jii. 

I^oi uali'i ilootli iiiiikf tin* I oloiir nioi'i iliiiniii'. 

III li.i-t III) ,1 sliitt uiii'ii \f li.iii'a aii'.ii ni’ili. 

I ,iki‘ Mull, III uiilli II to .i.iinl \oii 111 *-li I ill' : 

\\ III! Ilf Iniriit III I 111' till till ihmili'i lll||l'<•'l ill 
With \iiii'jri' III uati'i' iii.iki iiiiki njtli.ill, 

I I tin kf u iii">in' to kir|i loll:: iii <-1011 

I'lit li.i\ silti iliiuiii .111(1 It will not 1111,111 I’ 
li tli.ii loniiiiiiii Milk'' Ilf not to \o'ii tiiiiiil* 

Niiiif l.lliiplil.l' I ill'll to with aollilin Wi’i' jl'tiiih 


In an iroii-^^all ink iiiM'iitetl 1»\ fimml ami 
>oi(l on the I'uiil. Neiif, Paris, iintliir the title nj^n/o' 

Scientific Experimontg.- In the fullowin^ eentiirv. mi 
tniich iiioiv attention appears to Jiave been piven lo the 
1 nan ufi'iet lire of writing' ink, Ihnt wi* iinti a eonipmiiHl 
known as “the eeleliraled Mnssden ink" being tiseil in 
(lerniaiiy. Wegiie fiirtlter detfiihs as tfi it^ coinjiosition 
in cl lap. iv. 

ll'iHiihti Are/', M.D.^ in I74»'', ha'- the credit jof Indtig 
the fir.st to inal.e wriiiug llnids the snbfet^ yf sefeiitilic 
experiment, and to draw deductions a*i yi ilie best pro- 
portiniis of tlie v.'irioiis ingredients reipiired togiiake :i 
really iwrinaiieiil ink. 

Jiilmnconii (lpj2) carried out e\]jennu‘nts on tin* 
same line.s as Lewis, but grrived at somewhat diirereiit. 
C(inelii>ions as to the corivci .fiifijiorl Ifni's of flie con- 
stituents. 


' I ■o|i]itT.ns* •,/>.. |'|.M) 

I A.'s. /////'. ill p;ir\, :rr.'tv. lif. fmn. In .liliisinij^ to itif ui.i\ l■(llol||■ 

(itiHilili, iiiiiiild, 

^ iiloliilfl, Utthh di- f fJrruiUH, iS'lO. f. 1*] 

^ Phihi\ii/ilnii'-li’rliHnnm ^jiiiii|oii. |'..?77' 

■ J////. r'iJi/// . lyc)^. \\. 113, * 
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U|po^8ili^ Gall Inks.— The tisf of dyestuffs sncliias 
logwood or indiffo to sfrciigtlien ^le colour of the iuk, 
was ])Paclis(*l[ to small extent*ujriiJ#j the eighteenfi^ 
'^piitiiry ; but the inks Vere still of off# lyp^, that is to .<>ay. 
the Tluiils wereinoiv or less o.NidisMi before their ap](tic!i- 
tion to the pa]ii*r. lii the early pari of last century, 
however, a radical cluwm* came about in the method of 
niaiT#faeture. and credits or the innovation is claimed by 
the A\ell*|^nottn firm of Niplnn’<. I’reviouslyl^o^this. the 
Itnished ink was expo.‘jt*d to the action of the atmosphere 
so as to darken it as much as possible. wh(‘ri*by it was 
rendered more oi' less insoliilile. and would, therefore, for 
the most part, remain on the surfaee of the paper. Tlio 
new proci'ss ronsi.sted in keeping the ink fioiii oxidation 
a* far Nsible, so that the formation of the insoluble 
pigment would take place within the fibres of the ])aper ; 
,at the «ame lime indigo was added t(» give the lliiid a 
•• provisional " cohuir 

All uiioMillsed ink ol the same type wa^* patented by 
llanovi'r in 1S50, a small projHu'tion of 
madder being incorporated in mklilion to tlie indigo, 
lienee (be term 00 , w hich has been accepted as a 
d(‘scriplive title for this type of ink, although 
subsecjiiently omitted the* madder as In'ing superflnous. 
AltemptsJ to employ the m<m* appropriate term 
fimligo) to sgchinks were unsuccessful, and they are still, 
m\\w ht('i>s // itint Iffnitfo ])rineiple. palled ‘•alizarine." 
Other n/anufju’0m'i'.s have seen the advaiilages of a iion- 
o.xidised ink,*and writing llnids are now largeh 

made. Ill and A ^ Hmnnn examined eighty- 

one Oftmaii inks, and found tliat all wei-e of the new 
itype_the oldei^kind of ink being obtainable fiDiu a few 
small makers, 

A^iijn flTnicH — Tlie iipxt ^levelopuirtit ill the maimfac- 
tiiredof ink is found in fjje use of aniline dyes, not niereh 
for coloni’id writing lliiids, but also for taking the place of 
the ipdigo in the ijfck inks. The first Britis^ patent for 
the eniploymcut of tliese dyes as ink was granted to Gror, 
of Bans, in 1 8ft i., and lie was followed by several •thers. 
Thys, under tke name of “ Slylogruphic ink ’^a solution of 
nigrosihe "waf introdflced in as beii)g sjjlecially 
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suitable, on occonut bf its ilnidity, for styiSj^h^uid 
fwintaiii pens. 

In i8;S, at the Vdis* Exposition, a ^odal'w'as given ^to 
tlie makers of atk).ine ink which wa.s found capable of, 
great ivsiblance to ^le action of acid*#, altalies, * and 
chlorine. * 

German EegulationB.~In IVofes-sor of 

Hon n, u rote to the (iennan ChanMlor. pointing oifuthe 
danger ilsing aniline inks for histoririil dociijnents on 
account of their instaliility: and, as;) result of this, Hl^ls«>in 
passed a Ihw in the same year enacting that only iroii-gnll 
inks should be used oilicialiy. 

In iSS8 rules for testing ink were published, and inks 
were cIas^iliod aeconliut; to the way in which tlnj^v 
answered to then* regulations. Some of t]it‘se*t%?t.s have 
been severely criticised by am! Smiiuniii, 

Othor Inks — tViloured ijik*', marking inks, jwinting 
inks, and inks fur s)H.‘cinl pur]H>ses, need only be alliideil 
to, a** they .are fully dealt within >iil)seque)it cliapters, 
The interesting question of the detection ctf firgeries b\ 
photoiTaphic and otlu'r imans i-* also consideri^d at 
length. 



SE(!TJ()X I. 

WHITING INKS. 

(’II.MTKIt I. 

I'.llMlo.V .\Mi I'.llillilWl KDI S IXkS. 

1 oN'i I. MS -Sepia- Sdiiin*- Miiiiiilnrtiin' nHii|Hi- 
'■iiiiiii ■ N‘|ii>ti( .‘icxl ISriiioli M‘111,1 Kviiiiiiintiun III > uniiii'r- 
im;iI Indian or Chineac Ink-idiinii-liliii'k- Chiiiim)- 
-itinii •M.iiniliii'tiin' III I:inip-hlni k— Olil Kitrii|M>)(ii mi'lliod'*- 
M.iiiuliii tun* Ilf liidi.'iii ink -ijiiiilitK*’' id liidiiiiniik -K\iiiiiiiiii> 

I ink-lVsiitiial ti“.|'- Carbon Writing Ink- 

\n( I 'III «‘!irl)iiii ink' .ModiTii I'iii tHiniK ••nii' ink- 

As was shown in our pHiiuiiiary liisloiicnl skdcli, inks 
liavingcarbun orn cnrliunuceous ])iji[nirnt iji a fiin^ly divided 
slate for tb«ir pigment dale laick to periods of remote 
auliijuity, tlioiij^h for w'riling purposes they have to alar^fe 
e\tejil*beei^ laijwrseded, at least in Kunijio, by inks in 
wliich tln» |)i«;nieiil is inoiv or less in solution. 

TJie inks \>l»ieh may bo conveniently eomsidered under 
Ibis Imadinji; c^)in]iri''e (i) Si^pia. (2) Indian or Cliiiiese 
ink, and ( 3) inks of the type of the ancient writing inks, 
which contain elementary carbon pnsjjended in a suitalile 
medinj^i. 

<l) SlTI.\. 

Source.'— Tlie Ijltck or diuk bri^wn pigment known as 
sepia is sonlained in a secretion formed in a s|)ecial 
glandular organ of different species of (Vphalo]»)dn, in- 
cljjding the cpmmon cuttle-fish or scpiid. The “ ink-sac ” 
or “ii£-Wag,«as this^laiidnlar organ is popylarlj- called. 
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iias 4 strong fibrons walh, and is generally, tL^rfgk«not_m- 
variably, provided witli^i sejxirale ejacul»ift)i'y duct. 

^•lilr. Mniiiit JhnifvJ. f(ho has made a slii*l\' of living 
meinbei-s of tlie'CtyJnlopoda. wlii(*n ife kept in a large 
tank made for tfie pm-pose. stated in a leetniv Wfore'tlio ' 



• • 

Noiidon Camera Club, October 1 * 5 , that was not 
lueusy matter to caus^ a cuttle-fisli t(i^‘xliau.stits stock of 
nk. And Aie facility with nliicli it. would di^barj^' the 
iquidiiiXiU the least provocation was oiit of the great 
lifficiilties with which he had to deal in p^osecnting his 
nqiiiri^s ; jpr a whole tank full of It’nter woald Jm* flonded 
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in ( ftiW sAi>n(1|, nnd irork lioil to^J« snspcmlpd until the 
vesBel hivd Im'Oh Ihoronglily clcanj^nud relilled. He also 
stated ti*at Jlii e.xl^aii^ted cuttle had i lie ]Mwer of roaewmg 
the iiik'y secn'tion in as short a rn'iloti 
as i! <jiiartpp of^aii hour. 

Ki^r. 4 repifsents the common ciittle- 
fisli (Scftitt t>(/iriiutfih)^\n whieli the 
inWs ohtaineA lly the kiiidiicSK of 
the (.'uK^or of tiled eolo^'cal Hiisenm, 
l/mtlon, we have Ijeeji aide to photo- 
‘/••ajdi specimens of fossil (.'ephaloiioda 
fixiiii the Blue liias in which the ink- 
Uipfs i-eiiiain intact. It is a well- 
known circmnstance that this fossil 
wqiia hli^lieen more than once fTruniul 
11]) with water and found to furnish an 
excellent ink. This is alluded to in 
the Bridgewater 'IVeatise by IVaii 
Buckland. In Figs. 4 and 5 tin* ink 
sacs are indicated by the w'hite 
tKiiuters. 

Mr. ffruri/ L'l, for some time 
Naturalist to the Brighton Atjaariam, 
writing of this black iluid, says : * 

“ The cuti le (sepia) discharges it on 
the slightpst*provocation ; and this is 
sometimes very troublesome and aii- 
iioyiiyy*vhpii^t.|jis*species is exhibited 
ill an aijaariiim. The cfnantity tif 
water its ink isviU obscure is really 
fiui'prUfiig. The Iluid is secreted witli v\«. 5. -Vin^A\ M i.iti. 
'ama/mg rapidity, and the black iniec- 
tion frequently occurs several times in succession. I 
have«p{|ten seen a cattle Completely spoil in n few 
seconds all the water in a tank containing a thoasaud 
gallons.’' 

The extreme diffafflbility of the jiigmciit is idso referred 
to bv t7rc,t*wh(4 states that one part of sejiia immediately 
renders lOCO of water opaque. The cuttle-nsh is 



AqittmMlIt Till* 
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thus provided with a niost effective weajion «of defence, 
whicli enables it to <iiji?ctnal]y cover its retreat when 
attacked by its eKcnih^s. ^ ^ 

Tlie pigment , most .iii»hly vabied IS that obtained from 
tlie ile(liten*au"an cii*‘le-tish. Siftia njliri mtl in, and from 
Inlh/n, and S. fniiirttltt, tiiough it i** also prepared from 
tlie ink-sacs of other species. Tjjjjvink-sncs aro ivmoved 
as soon as pj^ssible after the capture of tlie fish, and rapidly 
dried to pi’cvent ]mtn*faction. It is a common practici^ 
for the tisliermen on the Sonth t’oast^of l•i^gland to reraove 
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the ink-bags of the cnttle-tish. wlioso llesli tliey use for 
their bait, and to keej) tliem iu a diied*('^nditi&n until 
they can dispise of them to the maun fact nri‘rS. A large 
ainoont of sepia is also obtained from Ceylon, where the 
cuttle-fish are collected by natives for a very low daily 
wage. 

Manufiactiire.'— There is good j easoivfor believing tliat 
ink manufactiured from the jngmint of the cuttle fi.h was 
used as a writing ink by tlie lloinans ,* but it is non' ])ro- 
bably used excliisively in the mannf^fnre of tiie “ sepia ” 
of the artists. 

Fqt this purpose the dried ink-sacs are jinlVerised, and 
the i)owder.tritnrated with caustic lye and' boiled forthirty 


I’erhirs, rit. 
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nimutPH. ^ITheJifjiiid is then liltewd and neutralised toi 
liydrochloric acid, and tlie preci{)|^Altcd ]ii^finent< r(‘pent^1ly 
wnsliwl wilh wat^r, tyid dried at a jow teiuperatnre. *• 

* Mudi/ications of tin’s ])i'OCi*ss tiiv iiSi'd hy ditrereiit 
ludhufactiireri^ the exact details oi whicliiare regarded us 
trade secrets. 

The pigineul ‘((‘pai^fed from the oilier constituents by 
some siicli prdfcefls as descrilM‘d above is ground down to 
an iiiqv^pable powder on a marble slab, iisuatlydiy manual 
'laliflur. It is then nyide up into ealct*', or is prepared in 
a moist oomlitioii <*iiul put up in jiaiis or tubes, or is inror- 
pcii'nled with oil for use as an oil {laint. 

Ill ])uix'liasing the iwv material the niaiiufaetnif*r's chief 
eonsiderat ion is to see that the ink-sics ar(‘ full, not 
witheif^l.* There does not appc'ar to be ninch variation in 
the ailoining power of difieroiit simples of the erntle 
>e]iia. 

Chemical Compoflitiou. — Jt lias frecjneiitly been 
^lal^•d,‘ thoiigli without jiistilicathm, that the pigment of 
the eutth'-libh el)n^ibtH ol ilnely divided eurbon associated 
with proteiil suhstaiices and caleinin phos])hate, but it is 
MOW known to be a complex organic compound. 

AVw^p,t who examined thelhpiid from the ink-sac wliilsl 
in a tV(‘bli state, found that it yielded precipitates with 
alcohol, mineral acids, tannin, and mercnric chloride. It 
was very visfoiis, and possessed a jiCLMiliai’ lishy cdonr, 
init little task*, lie came to the conclnsion that it con- 
sisted mainlv C|f fdbnmin, with possibly some gelatin. 

Short lytttk'rwards Vivvt } rat^e a chemical examination 
of the black rcwidne contained in the dried ink-sac. It 
w’as a*lianl, brittle, brownish-lilack sulistance with an 
iridescent lustre. When powdered, it yielded a violet- 
black powder without odonr, but with a slightly salt taste. 
I ts spegific gravity wos.l ,640? When 'digested with water 
for a lung time it yielded a browm solution, giving abrow’ii 
preci])itat« witli Ibad nitrate. It was found to contain 
the following comfitnents: Bliick pigment {mvhinn), 
78 per cent. ; qalcium carlwnatc, 10.4 per cent. ; snljihates 

’ in Toiiiliiftim'rt 0/ I'k/k’ AHi. iS|4. p. 598. 

•f Ni|Bhj)liS)ir 5 Jtmru. of 1S13, ixiiv. 34., • 

J .1 NMffAf of 1815, V. 417. 
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nnd dilnridrs of the afkali metals, 2.16 
mufcine, 0.84 jwr cent. ^ 

n'riio raelaiiiii ^^;as itolateil by iMnlinj^^ tlie /Watk mss 
with Ruccessive uiortiuVii of water, hydrochloric acid, and 
dilute, ammoniiyn carbonate boliitiou. 'Jlie i*e8idne thus 
obtained waR a black Rhiniiifif powder rescnnbling charcoal 
in appearance, and enutting a li^' odour when burned. 
It was insoluble in water, alcohol, or ethers though it- re- 
inaiued fur a'long time in Ruspension in water. J{Y.adding 
av'ids or atninonium chloride to tlic^ water i(R separation' 
was accelerated. It wa.s |)artially Roluble in hot potassium 
hydroxide solution, yielding a brown linuid. fioni which 
slight precipitates weiv obtained with hydi’ochloiic or 
Rui]ihiiric acids, but not with nitric acid. The original 
])igment was (jiiite insoluble in the two foi‘niei‘<i(jfl^ bui 
dissolved in nitric acid. It was also soluble in ammonium 
hydroxide, but not in solutions of ammf)nium carlwnate. 

A more recent research is that of (hrvif,* who made a 
full aualyMS of the li(|uid secretiil by the ink-sac of S. 
ofinnalU, IFe found it to la) odourless, butjiaving a 
biighlly salt taste. When e.Namined under the microsco|)e 
the Ihjnid was seen to consist of minute corpuscles sus- 
landed in a clear serum. 

Chemical analysis showed the Injuid to consist of Co i)er 
cent, of water ; 8.6 |»er cent, of mineral matter ; 30.54 i)er 
cent, of insoluble organic matter; and 0.86, i)er cent, of 
soluble extractives. 

The miiK'ral matWr included calcium, magpesinm, 
sodium, potassium, iron, carbonates, sulpfiafeK and’ chlo- 
rides, tliough curiously it was free from ph^tsphates. 

The pigmentary substance was obtained in a ])uie state 
by digesting the dried residue for four dfiys with alcohol, 
and then for four da\R with ether, to remove the extrac- 
tives. It w’as thhn collectod 01^ a filter, w^oshed^ and 
digested with glacial acetic aci^to eliminate albiimjnoiiR 
substances, then with potassium ca> Inmate ilo remove 
mneine, and finally with dilute hydrtivhloric acid f 1 1 10) 
to free it from tlie mineral salts. 

As'tJius prepai-ed the pigment (after frying at too C.) 
was a, black* homogeneous substance, leaving no residije of 
VmiifrK 1881, viii. 96. 
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asl* on ij'nilioiv it was insoluble in water, alooliol, etVr, 
and acj^, with the ex(5eption,V nitric acid. It lyas 
^leaclied l)J ch1uiu« and by Uenc!tyij(«jiowder, and whAi 
liej^tecl with soda lime evolved aiiii^ouia.* 

Its elementarv c{»m|)osition wSs a*4 fallows : CVirhon, 
53.6; nitpoj'eii, S.S; liy<lrogLMi, 404; and o.vygtm, 33.56 
per cent. 



Stiiifih .Ir/W.— In 18.S8 Xiafii and Frnu /S'lW^r ^ 
obtained an amorphona substance, to which they gave this 
name, by treating the pigini^nt in>-huvii with fifteen limes 
its \?eibhtof a lo iierccyt. solution of potassium hydro.\ide. 
It liad tlijj following elementary composition : Carbon, 56.3 ; 
hydrogen, 3.6 ; intixigen, 12.3; siijphur 0.5 and oxygen, 
27.5 per ^■ent. It nas fouutf to Ix' soluble in solutions of 
alkalies, and {’as preciiutated from its solution by copper 
si^phaie niu\by”ammouiaeal zinc chloride. 

* I'hnu, f't’Hfiulhl., ittoS. \i\. s'*;. 
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Jji-iliiHi Sqiin. -TLroinli the kindness o,f Mr^ssrV 
we have been enalj/tyl to examine several ink-sacs of 
ciftle-lisli f 10111 Southampton, in tli/* il^’ied tOii^ition ns 
i-eoeiveil by them^ Till* appearance of these is ^Iiown in 
the acnonipaiiuii" Hgiir* (I’ig. ;). The geheral physical 
characteristics were very similar to those wcoi-ded by 
(s/'y</‘rf), bnt our specimens ^id the distinct (ishy 
odour oliserved by the case of th^* fi*esli liqihd, 

and this became very marked on boiling the ptiwdered 
substance lyitli water. , ' 

The ]X)wder c^iiitamed I/.56 per cent, of moisture, and 
on ignition over a low Argand llame yielded 12.JJ ])er 
cent, of ash, containing the following constituents : 
Silica, 0.28; calcium, 1.92; magnesium. 1.75; chlorine^ 
(including other lialogen<»j, 1.07; sulphuric ac^di*‘i.8.| : 
total nilrogen. 8.42 per cent. 

When treated with Ixiiling water the ])owder dissolveil 
to a considerable e.\tent, Iml repeated and tedious extrac- 
tion was necessary to remove the whole of the solulile 
matter. The black I'esidue left on the filter amounted to 
71.1 per cent, of the original substance, and contained 
7.46 per cent, of nitrogen, calculated on the original 

solution when evaporated left a brown msin- 
like dei)osit, which on ignition gave 4.55 per cent, of ash, 
calculated on the original subbtaiice. »> 

On treating the insoluble i-esidne with boiling 10 per 
cent, ixitassinm hydroxide, 19.23 per cent, / calculate^ on 
the original substance) remained nndissolved. * 

Examination of oommercial Sepia.— Mrist, if not all, 
of the English maiinfactuners prepare si^pia exchVsively 
fraiii the cuttle-fish, but there is reason to Iwlieve that a 
large jiroportion of the so-called “ sepia ” of foreign origin 
is sepia in name onl)'. 

A chemical means of distingukhing between genuine 
sepia and preparations consisting of lafiip-bloch or other 
forms of carbon iucorimrated with gli^t consists of treat- 
ing the powdered sample with boiling wrter 'until tho- 
roughly disintegrated, filtering the liquid. oAid thoroughly 
washing the residue. 

In the case of sepia, this residue will edntain a large 


powder. 

* The brown 
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amount 7>1T vitrogeu, and on igniti& will leave a couaidei'- 
able proportion* of ash containing^ the constituents n»pn- 
tioned ifl lh< previous section (p.*2?,). 

• lianii)-])lack piippaAitions, on tlie|>rtierjiand, will leave a 
resWue o^ praetically pure carl)on| containing? only traces 
of nitro^'cn, and leaving but little ash on ignition. The 
whole of the glue, whi^ii would cause the finished ])repara> 
ti(A to show a iarge pi'oj)Ortioii of nitrogen, will have b(‘eii 
removed by the ti’eatinent with hot water and lijjtration. 

• 'Wie main i)f»ints to be considered in a manufactured 
fiepia are the colouring p<n\er and jiermanrticy of the 
colour. 

Sepia was one of the pigments tried in the experiments 
of Dr. /iVw// and Sir Wilihtm JA///’// (chap. vi.). and to 
quote f^l(•\volxls of the latter:* “We are apt to look on 
sepia as one of the most permanent pigments ; as a matter 
of fact it is fugitive, and those who h.ave examined sejiia 
drawingvS made in the early part of the century will see there 
has lieen ci‘rtaiiily a distinct fading in those drawings.” 

2 . 1 m>i\n ui{ (’iiiNKsK Ink. 

The extivme antiquity of (he ink inuniifactiireJ by tho 
Chinese has already been mentioned in the llistorienl Jntro- 
diiction. Accoixling to ancient Chinese documents cib’d 
by the earliest ink was a kind of vegetable 

vaniish, and it was not till aliout the third century u.( , 
that the solid prqflnct jirejiared from lamp black and glue 
’was *iiitix)ili!bed. The province of Kiang-si enjoyed a 
inono|)oly of t^e maiinfuctuiv, and the ink attained a high 
degree* of ]M»rfection, it.s quality lieing maintained hy 
s^iecial ink ins]Shctorsj> 

This ink has also been prepared in dapan for many hmi- 
drei^yjars. ITie prov^ce ofi Oini prwlnced a fine <|uality 
known as A/7,vw<, hwtih^Jn ikrlhUf of Yamnshiro was qon- 
sidered the best.* At the present day the best (juality of 
dapqyese ink* is tfiid to be manufactured, in ^ara or 
Matsuda. • 

* tTlwj’/j. -tr/jfPiSSu, x.vwii. 113 , 

(•//AWwrf#- nhi', d'lipn- (lv> iHitMiiiieiilhChiiuiK triidni^ iwr At. 
•Iiiinctt*!, I'liffiK, i€S2. 
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Lamp-black: CtmjkUfm.—Whm carlx)na4eo\jd jp- 
ducts, Riicli AS oil, rosin, (or tar, are burned'witk an insafli- 
Biipply of air^ \ lH‘^x^'gen combines with the'Wj’di’ogeii 
forming water, plnlK^ tlio carbon is to a larjre txieih 
d('iK)sited in the amorphous form known us lamjvblifck. 



Ki^. S cTiiiicvi- iii:iiiifi'.ir1iiri',iil laiiiji-liliU-k, 


The amount of pure carbon in tSis so^t is abojit 8o per 
cent., the repiainder opnsisting of oilv,and resinous sub- 
stADces with inorganic salts, notably animoninn} sulpliate. 
tor ordinary commercial uses these iiimivities are not 
altogether disadvantageous ; but if a pili'er. siibstunce^ is 
required, the. lamji-black is heated io redness iu a 'closed 
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cri^ibl^ t.o*car})oiiise the or|(anic substances, and ttien 
digested^ yith liydrochloric acid, and thoroughly wasl^pd 
with water *to nynoYe iiioigaiiH* su^tfc, tthe Dual [>rodui?t 
l?eing nearly pure carbon. The pnlbst form of lamp-bhick 
is tJbtained byl)assiug a slow ciirrtlil of turpentine vapour 



J’itf. 9. - ( liiiu'x*' ink. 


tlii'jugli t^J) 3 S he.ali|!d ti redness, an I igniting the depjdt 
ill chlorine to ifem the lad tr.i3ei«of hy.lrog,Mi. 

n/ A e : Chin'i'' >/.— Tin 

olJut ui»thoJ wliich we have any reeo.’J is tliatVhbh 
has Jjeen use! b/ the Chinese for centuries.* \'ario;n 

* rtf, |i. II. 
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ynb^ktaiices liave been used as the ori^'inn^Ronrce 'dl' 
laiVp-black, snch as straw, piue wood, aud haricot 
b^'ans, but tliese Iwve •been for tlie i^'Obt^]mrt discarded in 
favour of vegetable oillt. and in particular tha^ olrtainefl 
from tlie seeds o£J^<7'/‘«' s ivnhtfn, oi tung-c^l, T\hich ue*lils 
a brilliant black ink, dee]»eiiing in tone with age. 

The oil is burned in small teiTayPOtta lamps, which are 
placed in terra-cotta chaml)ers wilh a hole td admit air,9nd 
having a de] session on the toj) in nhich water ij ]»laced. 
The smok^ is collected in inverted Jerra-cotta cones tl'ith* 
])olished interiors, which are li.\t‘d alwve the llaiiie. l*rom 
time to time the cones ai’e replaced by frt'th ones, and the 
deposited soot removed by means of a feather, care being 
taken tc reject all oily imrticles. 

Figs. 8 aud y are reproductions of two of tl\e.*i|nainl 
illustrations copied by tlumftf from ancient Cliini'se 
maiinscripts. 

Ill soma factories the terra-cotta condensing chamber is 
replaced by a hollow w’ooden tunnel, having a hole Iwred 
in the wall to act as the ventilating shaft. A range of 
bricks inside su])|)orts the cones, of w’hich about twenty 
are used at a time. 

The best season for the matin fact iii’e of lamp-black is at 
the end of autumn or lieginniug of winter. I’lie terra- 
cotta condensers are tilaced in a room carefqlly protected 
from draughts, which wc.iild interfere witl^the regular 
deposition of the soot. The cones are c.\ainined hour by 
hour, since delay in changing them canoes. the lamp-Jbluck 
to assume a yellow tint. • 

f/iilieti* stales on the authority of ( ’hiiese documents 
tliat the finest yualih of ink is jirepared from tin' lamp- 
black obtained from sesame oil, or from* tung oil, whilst 
the s(K)t of pine wood or deal is used for the commoner 
kinds. • • , 

Strips of jiine wood aliout 1 8 inches in lengtli are burnt 
in a bamboj cabin, loofeet in lenjrth, wjiicli* is covered 
inside and «out with paper, and divicM into severnbcom- 
partments liy partitions, in each of which is nn ojiening 
for the passage of the smoke. The depq^itfin the furthest 
compart imml is the lightest and makes the best ink, whilst 

’ iwff. <//• r*M>.,^8j3, l''>- 30 ** 
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that* in the llrstymd Recoiid compartnieiits is very coarse, 
nnd is so^c^io ])riiiters, variiisliersyimd house puiuters. 

^Theqnalitf of tljp l.im]vl»hick has a^vm great inllnenu* 
•iipop the gliaracter of tlie ink, uiil the •Inijierial ink is 
pivpared from \he very lightest aid purest that caii be 
obtained. 

Ohf Em-ufKVii — i^aiiip-black is maimfaetiired on 



Kitr 10. — MiimiMvin l:iiii|i-lil!irk <'1i;iinlN>r. 


h large Si'iilt* from the reeiuon^ impuritfes obtained as by- 
prodiicla in the manufacture of turpentine, and is also 
in-epai-ed fr«m oil, tlr^ kc. The initial substance is burned 
in a Airuace with fin iiisnflicient ^pply of air suitably 
regulated by ajwtni'es which can be 0 })ened or closed. The 
dense smoke is SoiMlueted through a Hue into a c^linarical 
ston?, bfick. oi' cast-irop chamber, the sides of^whicli are 
covered ^igi ^king or sJieep-skuK^ An iroii^cone is 
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siisi)ended witliin tlie cljamber, soPexaclly^liat 

wjken lowered its edgi«,scrape the siisi)eii(led and 

fernove the dei)OMU‘j lamp-black (sae Kfg. i(?). 

A small hole ki thet-op of the cone allows tlu? sinol^e 'to. 
escape into the* chimiilv of the cylinder, leaving most of 
its carbon lieliind. From time lo time the suspended 
sacking is ivmoved, scraped, and ir|»Iaced. 

A more efonomical inethiMl is to conduct the pixsfticts 
of comblistioii first thi’ongh an iron tube, where oily 
substance*# arc d(‘posiled, and lhc*i tlirougli a series (II 
iron condensing chambers, when* tlie carbon is deposited, 
the purest product iM-iin* obtained fi*om the tinal con- 
denser. This method of condensing is einplou-d in the 
manufacture of the finest grades of Iam]>-bhiclv,Jlie sour(j[‘ 
of the smoke being fatty oils burned in l:im])s. 

All inipiiiv form of bla«*k of bad eoloiir is ])repared 
from certain kinds of coal, and is chieil) used for [ulcliing 
sliips. 

Other laiietiea of black are ,Sy«/w/,N// IM, from cork; 
rhir. hluvL from the twigs of tlie vine; hlmk from 
])each keraela; and fiinmni hhni, said to be obtained 
from a inixturo of wine-lees, peach k«‘nu'ls, and bone 
shavings.* 

Mon* modem methods of prepuiiug black for printing 
inks are described in chap. x. 

Hanufacture of Indian Ink.— The fiilK*st source of 
information on the Chinese metliods of ))repariiig the ink 
from the lamp-black is still J»ook as.tranft- 

lated into Freiicli by .Aowr/J. Prom that wf learn that 
the lamp-black is first sieved into glazed* vases, and then 
dried in ])flj)er bags suspended in a dry clmniber. The 
glue is juvjiared tither from fish or from ox-hide, and W 
used ill tlie pi-otiortioii of four to fiw catties + to each 
jiound of lamp-black. If t6o littie glue be use(k tin* ink 
is* blacker, Imt not so permanent. The solution of the 
glue is ixmred through a sieve on t(j the Janif-black, and 
the paste thoronglilylnixeil and heated for fifteen ntinntes 
in a tightly closed vessel over boiling wnter." It is next 
jKjuiided for four hours in a mortar (see #ig. 9), until the 

* licwi-., PlilliNtt/ikir»-tn ItM'mmH, 377. 
t A iiitt>=lkx) ^^niinniv'. 
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mass tuoi-migiuy piiablf, alter wbicb it is mi\^d 

with musk aiid*pant|}bor aud beaten into lonpf sticks. 
'Pbest* arPM^Mi nnmlded into caftes weighing about ir^ 
1.0*140 grammes, find* the eake.s djid.! bj' desitx;ation in 
we]l*:buriit Vh ilrom rice straw, wlii^i is replaced dail\ by 
fn-sh nsli. The desiccation takes from one to three or 
four days or longer, but if the pmces.s 1 m‘ continued too 
lou(f the ink bemnnes pale aud lusi's its biilliancy. 

The following proport ion.s are given as tln^ bgst for an 
ink 4 hat*will la'conie blacker with age;"* Ijanip-black 
from (Iryandra oil, 10 cutties: old ox-hide glue, tJ, catties; 
old lish glue, [ catty: extract of soii-mou and another 
Chinese ammalic ])lfinf, 1 catty. 

The addition of a small <|uantity of dried ox-tongue K 
Slid t() fi\<* a violet, tint to the ink, whilst fineh powdeivd 
vegetable maltier is added to produce a bluHi tint. 

The glue must be white aud transjtarent. It wtis 
formerlt obtained from various substances, such as rliim»- 
ceros' and stags horn, but is now exclusively ]>reiwn“d 
from ox-liide or from fish. A decoction of the jdant 
Jfihy'iii> inn/nhi/i'^ was fiirmerly ii.‘'ed. but according to 
Jauitltl has long been discarded. 

At the present day the only evseiitiul dilbTence in the 
ink produced by dilTeivnt Chine.''e manufacturers is that 
different proportions and methods of incorporating the 
chief iiigi-ediuits are employed. 

The metlious of preparing Chinese ink, which are given 
in a histoiT of Cliyia publisliod by</#' a Jesuit niis- 
siona?}','*’ iq f735, agree in all e.sseutial details with the 
above account.^ Ijamis-black from pine wood or from oil 
was niiied with glue or with gum tragacauth and aromatic 
I essences, aud th^ ])aste pounded, and stumped into taljlets, 
which were finally dried for three to ten days in cold ashes. 

Tn^Jaiwn the larajsblack is obtained chiefly from 
sesaiqi- Ril or from pine ^-ood, ami is mixed with ox-hide 
glue in a copper vtssel surrounded )»y another ve.ssel con- 
taining hot water. ,¥he jJastic masg is l)eatey in wooden 
moulds intQ CAkes, which, as in the Chinese method, are 
dried liy conta« witli absorbent ash. 

* n/. JK 2S. • 

t VhvfnyitirtH tie I'Ku/Jim' tie In tJime. Taris 1735, I* -+ 5 * 
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* describes metliod of preparing ^ jfiUan ink 
from animal and vege^tble charcoal mixAl with milk* and 
/iliick gnni water^ and allowed to diT into cakeff. ' 

A modem (Enroifc|u) method of pi'eparing Indian ieik^ 
consists of tnliiraii^g the lain])-biack • witR a dilute' 
solution of potassium hydroxide, so as to fonn a cream. 
This is poured in a thin stream into slightly alkaline 
water, and the dejwsit collected, waslit.*d with water, 
dried, a^d Incorporated with a decoction of the seaweed 
known as Irish moss or carrageen, to which a lAtle musk 
has been Added. * 

In another process, a solution of gtOatin is boiled under 
])re88nro for two hours, and then for one hour more, over 
an open fire until .suitably conceniraled, and then mixed 
with liinip-hlack that has Ijeen heated to redness in 
closed crucible. The object of healing the gelatin is to 
convert it into the so-called gelalin-i)eptouP. which does 
not solidify like ordinary gelatin. Indian ink thus pre- 
pared does not gelatinise in eold weather. 

J/a'i/jici t also prt‘i)ored Lidiau ink liy mixing a .strong 
deco('tion of galls with a solution of glue, washing the 
precipitate with water, and dis.sol\ing it in a fresh solution 
of glne, which is then c(»iicent rated to the rwjuired con- 
sistency and ini.\ed witii lamp-black. Dextrin is some- 
times used in place of gelatin or glue in the manufacture 
of cheaper rpialities. 

L’nh't'X osseils that he has prepared Jndiau ink of 
ecjual cpiality to the best kinds obtained from China by 
the following method: IVtruleum or turf eptine 'oil is 
burned in lamps to which the supply air is limited. 
The smoke is conducted through a zinc tube, KX) feet 
In length, the inclination of which is Mightly n])wai'dB.« 
The soot de]X)sited at the remote end^of the tulje is in a 
very fine state of siibdivifiion, and reejnires Ijut^ little 
pijrificatiou to free it from t)u 3 (arry matter whidli,^ not 
removed, would cause the ink to lia«3 a hrgwiiisli tint. 
For this p\)rpose it v first boiled ^j^h nitric acic^ then 
washed with water hy decantation, the)i b^ed,with strong 
sodiufti hydroxide solntioii, and finally washed and dried. 

* UiHieftm, 1770, p. 31. t ?«•.¥</. p. 197. 

J hk^Ttuten Puhrihtm, i88a p. fto. 
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_ .^9 product, Mdsisting of ne!»rly pare oarbdn, 
is imxed into n ^aste with a clfaf solution of gum, and 
heated al!d sirred until evaporate to the reijiiired coHn 
siitency. It is iftw •allowed to cftrf g'lydnally, a little 
tinAiire oPuiusic being added befojfi it <|iiite sets, and is 
linally kneaded on a flat plate, and ])re>sed into metal 
moulds, from which tho rods are ejected by tapping. 

Aji inferior bind ol^iik has lieen ])i‘epared by Lnilur 
from onliuary soot jinrilied in a .similai* unfim/r. This 
iielliod oT ]>rej)aring ink fixmi ])urified sooL was jniblished 
long before Lfiilu /■* liflok appeareil.” • 

ill this country little, if any. [ndiau ink now ap[)eara to 
be maunfactiired in tlm form of cakes. During the war 
between I'liiim and Japan there was a great dearth of the 
fhk. and {ilthougli some of the largest dealers tried every 
possible sonm* to obtain a snjiply, they w«“re unable to do 
so. From this it would seem tlial the solid jtrodnct is now 
only to be ])rocnred from the far blast. 

This conclusion receives further conlirinatiou iVoin the 
fact that a largo lirui dealing in artists’ materials now 
sup[)lies niiicli more of a li(|iiid ])roparation of lump-black 
than of the cakes of Indian ink. 

It/ fmlimi. /«/•.— The ink is imported into 
Knglond from (>hiiia in t he origiiiHl boxer, each holding 
1 lb. According to the size of the sticks, 8, 20, or 40 
may go to tjie pound, and are spkeii of in the trade 
:i.s •* eights,” ‘‘forties,” A'c. The sticks are of various 
forms, some lieiiif^ in wpiares, some in tablets, and some 
octag&nal. , 'Hie best ([uaiities of sticks are generally dis- 
tinguished by ^eing gilt, and are stampd with very fine 
impresaioiis, such as dragons, lions’ heads, &c., which 
denote difforeutfijualities well recognised in the trade. 
'Fhey are obtained from Yutsliiug and Yeiishing. 

Thg octagonal sticks are altt) cf verjafine quality. The 
sticky ]£nown os “ !Mana^rin are of lino quality, and ^ 
distingnshid froiutordinaiy sticks, which have idso a lion 
on tly to]), b/faavi^ a finer imjiijfssion of the Chinese 
charters qn tlmir sides. 'llie commonest kind arc in the 
form of small slicks with white letters on the side. 


* DiHffw'it JoHPR, 183a, xHv. 237. 
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•Ezamination of InWn Ink.- -Among tlif FUtkeEe the 
(|Dality of ink is testrd by nibbiiijr tlft» tablet on* the 
Jf only a fuat sound is Jieard t^e^ink is cim- 
sidered to bo of good oiiality bfil. if a loud nois*is 

])roduced it is r^gawle^l us inferior ( hotf-mo}. • 

Wlien rubbl'd witii water, Indian ink sliould yield a 
nniforiii liijuid, free fi-om coarse |Mirticles or Hakes. The 
Ijest Chinese inks have a brilliant fiolet shade, whilst inks 
of the second quality are brilliant black, and inferior inks 
have a yellow tint. A good iuk should not lose^ta iaten* 
sity or brillianey on ki'epiiig, and should colour paper a 
brilliant black. Inferior inks lack either hhuhness or 
brilliaiic}', or bolh. 

A praclieal test of the (piality of an ink made fi'oiii]jine 
soot was recoin mended by This (‘(jnsfeted iR 

learing a fragment in water, and noting tlie time before It 
i-osi* to the surface. The iH^tter the <jualit\ the longer tlu' 
iuk was said to if main submerged. 

7’#s/n.— W e submit led several of the different 
grades of Chinese ink to praetieal tests, first of all re- 
ducing each to jxiwder.aiiu immersing o.i gnu. in lo c.c. 
of water, li soon liecame ajijiarent that the better-class 
inks were far more readily soluble in cold waU'r than were 
the cheatM*]’ kinds, some of the latter honlly colouring 
the fluid after soiuo hours’ soaking. The various sam|)les 
were then put in a water-bath and raised to the )»oiling- 
point. but the cheniier grades wei-e still more refractory 
than tiie others, and reijuired to be nibkd down in a 
mortar before the jiarticles of carbon lere iiljused*[n the 
Ikjuid. After allowing the containing Imttles to rest fur 
an hour, it was found that the sediment of f he best^famples 
of ink was of a much finer character than that of tlmi 
others. 

Our next e.xperijneiit wa^ to test t.he tinctorial value of 
the different samples by apjjyinglhe solutions tbVhat- 
maii paper, first of all with a full brysh cov^g a long 
strip of ]iiy)ci' while jf, was pinned a slbjnng dnawing- 
board. Each strip of pa])ef was tivated witji a different 
sample of ink, and when the first coat wV diy, a second 


' Ahh. tie (Ittm . 1S3JI liii. JT4. 
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was appTiefl^ not coveriupf the whole of the strip, Iftt 
leaving' a small portion at the pu^^witli the first coating 
untouched * A. third, {onrt.li, and fifth cqfit followed, each* 
fa'Ayig short of th^ preceding one, lyifil the end of the 
strip a strong bhick represented thenum of all. A g|jiuce 
at the results at oiu'e showed the advantage of employing 
the better class of iu^ for the cheajKT kinds wore by 
fomparisou laclfing in covering |)ower, and there were 
])re8ent ^^rticles of carbon which gave risif te stivaks 
diidtl* the brush. The best inks worked far more smoothly 
than the inferior kiiuTs, and ojiacity was reaclied with 
fewer Avashes. And froni what lias been already stated it 
will be evident that in the better class of material tlie 
labour of rnbiiing down the pigment from tbe solid stick 
IS re(lu(^d*to a miniiniini. From oiir examination of the 
sediment formed in the inks under examination, it would 
seem that in the hotter grades Iam])>black of miieli fincT 
quality is employed than is used in the manufactun* of the 
cheaper kinds. 

Those sticks of Chinese ink aiu exceedingly brittle, and 
tliose ivndered unsaleable by bn*akago are eoininonly 
ground up in water to form the lirpiid ink so much 
e'a])1oyod by draughtsmen and artists in ‘'black and 
white.” 

Chemical Composition of Commercial Indian Inks, 
-The specintt'iis of the four grades of ink submitted to 
the ]»rjictie«al tests described above gave the following 
results on analysis* 
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the fact that the residae left, on extracting; 'clA'lBoluble 
Buj)stances with hot wYter, is free from nitrogeo, affords 
simple means of distinf^uishing between Indian ' ink and 
pure sepia (see 22)^ 

3. Oakhdx AVhitimj Inks. 

Ancient Carbon Inks - -Th(^ clfiaracteie on Eg)'ptiaii 
papyri and iii Latin and (Jreek MSS. are frerjiiently much 
darker and more distinct than those written centuries after 
with modern iron-gall ink. The latter can be rewllly 
destroyed by various chemical agents, such as acids and 
bleacliing agents, and their irermanency ia also largely 
dependent on the relative ]>roi)ortion of iron and tannin in 
the ink, and on the nmnuer in which they have beAi ku])f. 

who was Kei‘per of llecords in the Tower of 
London, and thus had exceptional opportunities of study- 
ing .MSS. of all ag(\s. found that the black ink used by the ‘ 
Anglo-Saxons in documents of tbe seventh, eighth, ninth, 
and tenth centuries had preserved its original intensity 
much better than that used at later ])eriods, especially in 
the sixteentli and seventeenth centuries, wliich was fre- 
quently very faint. It was rare to find faded writing in 
documents lx?fore the tenth century. AxfO' * came to the 
conclusion that this was due to the earlier inks coiitaiiiing 
carbon ; but Hhunh ii^ on testing tbe writing with potas- 
sium ferrocyauide, found that iron was present in every 
instanco.t 

It is impossible to determine the exact 'period when 
carbon inks were replaced by iron-gall ink^ though it was 
probabh' early in the present era {rf. Hixforiml [i^rothfr- 
im). ‘ “ I 

The ink of the Creeks and LatiQ.s, like the modern 
Oriental inks, was u mixture of finely divided carboy with 
a solution of gum or glue, sufllciontly dilute to flow, from 
a reed. Tn reality they were only inodifications of the 
Chinese inks described aliove, and in Viuo^ases wer^even 
dried before use. Thus states that (Unnucn- 

‘ i 

of If nttwj, 1803, p. 209. * 

<!■ TrfiHH. Ilotj. Sttr., 1787, Ixxvii. Iii.] 451. 
t Lil». vii. § 10. 
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tmn wa^pfc-^iar^d from the soot of pitcli pine collected^on 
the walls of n marble chamber, mi?Sid witli ^iiin {i/IuHuiim) 
and dried ; and Dioac^rides * givc% the pruimrtiuiiB of sdbi 
td^um as three to one. • * • 

Evidently t-lft.* brilliantqr of the ^.dack deposit and the 
more fluid character of imu-gall inks led to their gradually 
sii])erseding carbon in]^s for writing pnrimses, of which no 
mention is madf? in inedijcval literature. 

It iBt|;fie that irrdry in 15S2 gave a formula for an 
}itra%fntmn but tliis was really a printing ink 

consisting of linseed oil and lainjwblack, and tliere is no 
reference to an nr|ueous carbonaceous ink in his book or in 
tliat of (^(ninqmnint { iGGo). 

Modem Carbonaooous Inks.—Ar//'/.s f in i;t>4 made 
various* fcfiggest ions fur rendering ink inoit* permanent, 
some of wliich an* described more fidly in chap. xiv. 
ilis principal plan was to odd finely divided lamp-bhick or 
ivoiy lilack to a good iroii>gall ink, but such ink could lie 
Idcached by oliomieal means to destroy the gall ink and 
then washed with water to remove the carbon. 

Dther eheinists have made use of an essential oil. or of a 
waniish or saponified resinuns substance, or a solution of 
gluten, 1 0 ivtaiii the carbon in siispiibion. ( ff various old 
formula' on these lines mention may be made of the 
following : — 

(Jails, 3 ]iarta; Bra/.il wood, 1 part; 
water, 46 parts. Boil until reduced to 32 parts. Strain 
and uld ferrous Siil])hate, ])art; gum arabic, l] part; 
indigo. I j paTt ; and lamp-black, J part. 

Clm-’s Powdered ex)iml (25 parts), in lavender 

oil (20b })arts), mixed witli lamp-black (2Z |)arts), and 
indigo (i part).* If too thick the ink was thinned with 
turpentine. 

Slusifh'tdr'it Juki , — Admixture of asphalt dissolved in 
turpentine with amber varnish and lamp-black. The whole 
<juestion ofrtbe^beft means of rendering writing safe from 
atteu^ts to removeiit is discussed imehap. xiv.* 

* O/n-ni, Iibt*v. can. 183. t hir. nfi 

t McIiuIhoh'm JOncm, uj .Sat. PhiliMph., 1802. iv. 1^9. 

§ Nicholwin’H '><W. 1820 || ihhh • 
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TAXNIN MATEUIALS FOU INKS. 

( oNTUNTs.— Galls* OriiriM Alc|i|Mifr:iII'‘- t'hniiM'iil 

tlDll — ClllllfH' I'illlh— riicllltrili •IniHilli'M* — 

Amrii ()!ik-ii|>)il«‘ pill— OU ht uallh Tannins- (‘liihsi- 

ticiitidii 1*1 iMiiiiiiis Siiit:il)ilit\ iif 1:i!niiiii> li>r iiik-miikiim— 
Chestnut bark and wood— ('lu>tnut cnIiiicI— l'll■‘^lllllt 
tiumiu— Ink trotn (■hi‘^iiiiit \mkkI- S umach SnniiKif tifiinin 
• Ink Inini Divi-divi—Dniiliii tiinniii - Ink Ironi 

(li\i-<li\i Myrobalons — Tin* tannin of iniriilnilanN— 
Vcdonia— Till' limnui ol lulmiia— Ink Imni \tiliinin Oak- 
bark tannins- it*>aclii>Ms ul oak tannln^— Annmnt ol lannin-i 
in oak Imrk— Ink front oiik kirk Gallotannic acid For- 
niontntioii <*f pilltitaiiiiic n<’nl -l’ro|tiTlif**— Gallic acid— 
I'roiiorticN- llm'tinnri (iyinpi^hiii); Irluitni pillotiiiiun* ainl 
(Tillin' nniU 


(lALLS. 

Origin.— OiiriouB vegetable excrescences, known as galls, 
are fre(|iicntly formed upon llie branches, shoots, and 
leaves of trees, and esiiecially upon the ovk. They are 
produced by tlie female of certain sjM'cies of insects, of 
which the best known are the hymenoptmus gall-wasps 
(Ctpiipiih ), which puncture the young tissues and deposit 
their eggs. Dndur this stimulus the ])lant juices acciimn- 
hte at the i)oint of puncture, and a pill is gradually 
formed, which serves as tlie home of the larva. Tt is pos-' 
sible that some virus injected simultAnoopsly witli the egg 
plays a part in t>he*develo])iiienl of the gall, but thf main 
essential appears to be the presence of the living lan'a. 
Should the egg of the insect perish froth any cause no gall 
is formed, or if the lo^a dies the gah-ceases to gi*ow. 

(iialls vary greatly both in siw and shape, seme, (’.;y.,the 
Californian “flea seed,” being very minute, whilst others, 
like the lar^ galls on the roots of certain oaks, are se/eral 
inches in diameter. Some galls are round and smooth like 
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the EuJUsIt oalj:-a]»i)le8; otlierti, like the Aleppo j^alls/are 
crowiK^l jriili protuberances ; whilsi otliers a^aiii assuiiie 
fantastic forins, as the case M the. “artichoke 
i\iiul 0]i,certain*l'VeDcli oaks, tln^ cari«iis Ku^rlish ^mlls 
* kIiow.^ in Kigs. ii, 12, and 

13, and the (’hiiiese luicl 
•lapanese galls (Figs. 17 and 
^ * ^ 18). The forms and colours 

J of the dilFereut* kinds of 
re!naikabl\ coii- 
' JKL slant, and afford a means of 

distingiiishbig b(*twei‘n the 



Fijr. TT-- (lunhN' 

uiik-.ipiili' liall. 



insects, often, of very shuilRr appearance, that produce 
them. 

Tu the majoifty of cases galls contain dAl^ one larva, 
and are •described ol “ monothalamous,” whilst others 



feinnllt-r conmiorcial value. The In-st galls are sehicted 
aliead and harvested bofore the iusect e'L3ca])^s, and ^roui 
llieir colour are known as Uttf or fjm'tx galls. ‘ 

The value of a given sample of galls depCJids to a large 
I'xtent upon the projwrtion of white gaUs it contains. 
Jleuce, iiauduicnt attempts are sometimeb made to arti- 
ficially close the holes left hy the insect, and so make the 
galls to appear to sfill contain theMarva.^ A section of 
the ‘nut would readily detect this fraud (see h'ig. *16). 
Alepjx) gulls vary' somewhat in size, Imli unialfy average 
from 8 to 1*5 nini. in* dianieter. TIk^ are globiilSr or 
])ear*sh,'<]ted, and are crowned with numProuEf tubercles 
13). 'ifl’e colour ranges from greeribli black to pale 

fhiHmemaJ Ami. 
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yellowibA |[:een^ whilst the ioterior is pale brown •or 
yellowish green. 

The appearance of jphife ^olls Ik shown in Fig. 1 5. alt(l 
in\Boction^ in Fig. 16, the latte^ sho^wing the small 
canal thi-ongh • which the insect Made its way to the 
surface. ’ 

When a thin sectioi^ of an inhabited gall is examined 
under the inicresco])e it is seen to consist of an external 
layer of ^all colls, tbrniing a sort of iiark : In^igath these 
hit* fcellular layei'S of parenchyma, some of the cells con- 
taining tannin and clilorojdiyii; then come ihdial colls 
surrounding the central cavity , in which lies the larva in 
the midst of an alimentary mass. 

i^uiifnuf ffdlb apiicar to be a commercial variety of 
*\leppo*glllls, b'ing somewhat larger and darker in colon j‘. 
and often containing a larger proportion of white, galls. 

Vhciiiicdl ( k) ill ptmi film . — lly tivating 500 grains of the 
best Alep])o galls with distilled water. obtained an 
infusion of specific gravity 1.06S. containing 18 j grains 
of solid matter, consistmg of 70.27 ])er cent, of tannin ; 
16.7s c**"!-* impure gallic acid ; 6.48 per cent, of 

gum aud other extractives; and 6.50 ]kt cent, of salts of 
calcium and other metals. From the results of tannin 
deterniinatioiiH ina<1e by later chemists there appears to 
be little doubt that Davy had not extracted the whole of 
the soluble constituents of the galls, for on this basis tin* 
insoluble woody fibre amounts to 63 ])er cent, of the total 
substance. 

In* made a very exlianstive examinution 
of Aleppo gallo ; and his results, still ijuoted us final in 
te.xt-broks, oi'u as follows: Taniiiii, 65.00; gallic acid, 
2.00; eliagic itiid Inteogallic acids, 2.00 ; chloro})hyll, 
0.70 ; brown alcoholic extract, 2.50; gum, 2.50 ; starch, 
2.00 ^ woody fibre, lO.jlo; sngar, pixiteid, potassium and 
calcipm salts, 1.30 ; nnd^ water, 1 1.50 jicr cent. , 

A later, tthoogbless complete, analysis is that of II uta 
who fbun4*Alepi)o galls jp have the following 
composition: Tannin, 61.65; gallic acid, 1.60 ; woody 

* Tmiu. Jioji, Siw.f i 9 oi, M'iii. 233. 

t AivAir, ier Murm,, 1846, li. 190; JU9I. tin 
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(ike, 15.68 ; wator, 12.32 ; and colouring 'mutier, and 
loss, 8.75 per cent. ,* 

' BtiHiiirr* obtained tfio following, ainountsioi' extractive 
matter l)\' treating ^tlio ])Owdere(l ^alls with diife;v,nt 

IVr «'nt 

Siil)htaiw<'.s (‘Xtraeti'il In .... 77.00 
l)v i'(hi‘r:iiii! »li‘iilii)l . 80.40 
.. 1 )\ I'lild wsitri . * . SC. 50 


A .s|)eciiiieii of commercial nut-galls examined by ils 
contained 44 per cent, of tannin, determined as gallo- 
taniiic acid by the method described in chap. iii. 

Chinese Galls.— The curious varii‘ty of galls exported 
iVom China are not formed b\ a gall-wasp like most, of 
the commercial galls, but are prmlnced by a S'in&ll aphis 
(Aphix Vh'iiimm) upon the leal* stalks, and shoots of hhvs 
sciinffhihi, a tree growing abundantly in sandy places in 
Xorthem India, China, and Japan. 

The a])his is alwiit of an inch in length by about 
in breadth at tlie base of the alMlomen, which gradually 
widens out from the thorax fsee h’ig. 19, p. 45). 

The gall is at first dark green, and gradually changes 
to yellow before the larva esca])es through the walls 
bursting open, the Chinese pea.sants collecting them 
.shortly la'fore the change takes ])lnce. The aphides are 
killed by »‘xposing the galls in osier basket 51 to the action 
of steaui. 

The gall is naturally covered witj) a light powder 
termed ‘‘salt lewder” by the Chine, se, and ‘usf.Ml by them 
for Jlavonriiig soii]i and as a mediciue.t,. As iin])orted 
into Kurojie the galls are pale grey in colour, amkhave a 
hornlike appearance, and a curious odour resembling that' 
of freshly tanned leather f/Ayu/vu*/// an^Mi/rk//). They 
vary greatly both ia sizn and in form, but a characteristic 
Hh/ii)o is shown in Fig. 1 7. They have a honi-like texture, 
and when broken o|)en present a liolldw interior contain- 
ing a little chalk-lik/) dust with decker ^‘ticlcs, ^hich 
when examined under the microscope are^eikto be dried 
. aphides. 

* Ifr/f./. Pham» 1851 [3!, vli. yj. 
t I’ereini, ¥hnrm. JoHru., 1844, iii. 384. 
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A{*corSiii][^to i^on 7iV///iH//*anaveni^BizedgallcoDtaih8 
nioiv than JOOO aphides, and by traatiofr the debris with 
warm watc'r ^eso swell up 1o about of an inch in Biisd. 

Hiififj'f jfivea a description d th<vio galls, which, 
111* states, are fernied on-pin tj-N' bf the Chinese an^ are 
used b\ them in Uie ]irni)aration of viirions medicinal 
compounds. He also estates that their fomation is due 
to a small insect. 

Cliinesf galls wore Urst imported into Miirope in the 
eighfeentli centui*y under the 
name of ‘‘Oreilles lies Indes,” 
but they did not bi-come a regu- 
lar article of commerce until 
aboiil i«S;o. They an* now 
largelv *iised in Germany and 
America as the raw material for 
the luaniifactnre of tannic acid, 
and they form one of the princi- 
pal and cheapest tannin materials 
lor the manufacture of ink. In 
fact, according to gall 

inks are now jirepaivd from them 
almost exclusively in (iermany. 

compared their com- 
mercial vuluewitli that of onlinary 
gull-nnts. Iw 1851 good average 
blue Aleppo galls cost loas. to 
105.S. j)cr cwt., whilit Chinese galls 
fetched to 68s. per cwi. Thus, taking into account 
the amount oftreadily soluble tannin in the latter, they 
wei-e I ;f to U tijnes clieaper than Aleppo galls. 

dn'miml ('oinjmitiuii . — Specimens of Chinese galls were 
examined in 1817 by lh’nn()i\' who found them to yield 
75 pee cent, of soluble mattel* to coUl*water, the residue 
consulting of woody fibue with 4 ])er cent, of resinons 
matter solnble jn iftcyhol. 'Phe residue from the ai[ueous 

Vhm„ 1855, i-wxi. 28a 

+ Ihsrrnpt’m iir rKminiv tie hi f^inr, 1735, p. 4961 
j JitHi'm. JHiiHHitl, 1897, ]i, 680. 

§ Jii'p. f. i'Artrw.. 1851 |3|. vii. 329. 

II 4 rniHii. linn. m“i 8 i 7 . 39 - 



Fi^. 17. ('liii)cM>)'iill, 



42 INKS AND pElR MANUFACTURE: 

extract was fouud to consist mainly of taiiuL'a^d wjth a 
little gallic acid. 

f*'From the absence df extractives (guinSf Ac.), Ilniwk 
concluded that,,tli^8fi galls would nut l)u snitable^or 
tanijiug purposes, atU, in fact, ho found that leather 
prepaivd with them was very brittle wlien dried. On the 
other hand, ho fouud this propi‘^y j'endeivd them ])ar- 
ticiilarly snitable for the mannfai'tiiri* of *1111;, and tin* iuh 
pi‘e|)are4 ffom thoiii proved to bo less liable to beconu' 
mouldy than that from ordinan- galls. • • 

In 1849. Htnn* de-^cribed a variety of (^liinese galls 
ns ])ossessing an odour of tobacco, and containing the 
following cousiitnents : Ash, 2.GO; luimic acid, 69.14; 
other tannins, 4.0 ; green saponifiable fat, 0.97 ; starch, 
8.20; woody fibre, 4.9; and ‘•inert” mafiel, 12.96 
per cent. 

The tanniu was completely e.xtractcd ])y boiling tho 
powdered galls three times with eight times their weight ' 
of water. It was regarded liy Hfnn as identical with the 
tannin of ordinary galls. 

The ash contained potassium, calcium, niagnesiau, 
iron, chlorine, and phosphoric acid. 

results are similar to those of Him, viz., gallo- 
tannic acid, 69.0; resin and fat, 3.0 ; gallic acid, ex- 
tractives and proteids, 4.0 ; starch, 7.35; woody fibre, 
8.65 ; and water, 8.0 per cent. , 

Jlnrhiu'r\ \ annlysU in 1851 gnvo the following results : 
Tannic acid, 76.97; fat and resin, ^ 3.38; extractives 
soluble in water and some salts, 0.89 ; giftns and' salts, 
5.94; and starch, woody fibre and miner^il ?)intter. 13.82 
per cent, calculated upon the sulistunee dried at 4 00 U. 

Wlien extmeted with ether tliese galls fielded 79.35 per* 
cent of soluble matter, of which 76.97 jer cent fon the 
original substance) dissolved yi water, linvhugt' was 
noable to coniirm Htcin'H coiidni^on as to tlie preseyce of 
other tannins in addition to gallotaiHuic oci^. lie also 
came to conclusion that the taiiA^ aefd was identical 
with that of oak-bark, and that gallic acyd was only pre- 
• • 

• hiMfflfr'n /Htlft. JonrH., i84(j, c»lv. 433. 

I Arrhn. J. Flitifm., 1850, cxi. 2(7, 

J Uk'. nt. i>. 323. • 
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sent ^ thft g<ills in very small pro])ortion. The mineral 
iimttor was^funna to consist prindtimlly of magnesium 
^)hosphate. 

T\niif A^iL - J'h'e proportion of tannic r'lcid found by 
iSVritt, y/A*//, and is siibstanitully the same w^en 

calculated upon the dried substance, viz., Sft'in, 7943 per 
cent. ; Illn/, 75 jier ceiit^ and lhu‘hn'i\ 76.97. 

VhU * gives tile pniporlioii of tannic acid in Chinese 
galls as abgut 72 per cent., whilst Mikftnm t found 77.4 
])er cefit. 

Samples recently iinalyst'd by the authors J have given 
the following results: Moisture, JO.70; ash, 1.43; and 
substances soluble in water, 78 per ca'dI. Tlie tannin 
determiued by Ptwl('r\ method was 68 jst cent. 

I’fnU fit.) ass«n‘ts that (‘liinese galls do not eonlnin 
the necessary feimeut for the eonversuni of the gallo- 
tanniu acid into gallic acid, and that therefore they cannot 
be used for the manufactui'e of ink unless a small ]n'opor- 
tion of Aleppo galls or of yeast Ik* added to the iulnsion. 

We aiv iimilile to conlirm I’M/'h statement, which is 
also altogether at variance with the results obtained by 
roil who has clearly demonstrated tliat. the con- 

veisioii of tannic acid into gallic acid is brought al)Out not 
by a pre-existing ferment, but by the action of certain 
mould fungi. 

Wo have pr<^)ared ink by adding ferrous suljdiati* to a 
(h'coctiou of C'iiinese galls without any addition of ei1b(*r 
yeast oy other galls,^d found that it behaved jii&t like 
ordinary gall* ink. giving a writing which raj)idly became 
black on expose to the' air. 

Moreofer, insoluble deposits formed on exposing the 
flik to the air, ami these deposits contained 0.86 to 7.56 
per cent, of iron, results veiy near to those obtained with 
ink frofi gullotannic acid«r ordinary Aleppo galls. 

Japanese G-alls. — Tliese galls are closely allied to the 
Chinese galls, and Hrj frequently stated to be identical 
with thrill. They aw’produced by Afthis or an 


• Ihnulh''* in'tijt. Jimm., 1875, wwt. 453. 
t (Item. .yPifM, 1880, xlii. 274. 
i lTii|)iil)lifiheiL ^ 

JteKitHii, ’S67, Ixv. IC91. 
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iJlHefi aphis upon tho shoots of MJunt jaj^nifa{6ie])(^di) or 
Mifu Jttmuit'a (MuiA\’). (See 20, p.^45.) They 
ho\rL‘7er,,b(! r<‘gai^ed ns at |h‘ast a distinct variety,, 
and in fact thsy nra so recognised in (‘Oinnjerce, th^gh 
fop, ink nianufactuA the two varieties* are used indis- 
criniinately. According to rmiir* the Jaiwnese galls 
are smaller and ])aler, and are iissally more esteemed. 

Isltikamn t states that coi)Ridei'able(|nIlniities of (.'hinese 
galls wsre formerly imported into Japan, bnt t^at in j88o 
only the native ])rodnct was ns^d. The rlapaiiesP galls 
{KiMu) are plucked from the trees between -Inly and 
September, and are placed in boiling water in wooden 
tubs for thirty minutes, and 
tlien dried in Ilu‘ sun for 
three to four dayV * They ar«‘ 
stored in warehouses in 
Kiyoto, often for several 
years, before being used. 
The ivaetions given by the 
tannin they coulaiu an> iden- 
tical with tliose of ordinary 
gnil-nnt' tannic acid. 

Kia. is— Th<‘ anioiiiit of tannin de- 
termined by the ponnangan- 
atc process in seven samples of ditlerent ages up to eight 
years ranged from 5.S.82 to 67.7 per cenU The old galls 
were very brittle, and gave much darker decoctions than 
the fresh galls, bnt did not contain lefcs tannin. 

'fhe commercial Japanese galls that w?> have Iiad the 
opportunity of examining J undoubtedly differed both in 
size and sha|X) from the Chinese ])rodnct, wei-e atso softer, 
and had vejy much thinner walls. A typical Japanese 
gall is shown in Fig. 18. These galls poutained 10.46 per 
cent, of moisture, 1.96 p^r O'Dt.. of mineral matjfer, and 
yielded 50 ])er cent, of tannin when boiled foi* three hours 
with successive ]Kirtions of water. * t 
Mr. Jk M. lYuUanj:, who haH*liindly made « micro- 
sco])icnl examination of the debris in some ofrthese Chinese 
• • 

* Tfjrt-M of ToHHiHg, |l. 28. 
t ('hm. .Vrtiw, 1880, xni.*a75. 
i rniHiblihliwl rt'KultK. 
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ind jai)aiies0»gays, informs ns that tho two aphidos arft 
not donionfjtrably of diiroreut 8|M»t!ips. Those from tlie 
:)liinese galls were miifprnily smalihr thari those from the' 
Japltfiese gtJIs, and lacked the rudinvntary wings of tiie 
atter; but it wolild be necessary to follow out the entire 
ife hisloiy of both in the growing galls iK'fore being able 
■o dekrmine with any ficrtaintj the >.ywr///V value of the 
liireirnces observed in the dead debris.* (See Fiirs. lo 
ind 20.) , • 

Acdm Galls ( A nopiH'm), — These galls, also known as 
are produa'd by the fernah* of 



\ 




Kiu. 19 Aplii^t inini FIk. 20 -Aphis from 

Cliiiichi' fTiill. > 18 pll. \ 18 

(jiurcuH-ntllcix 011 difreiviit oaks {Q.iwthinmlnia^Q. 

/A>w, Ac.), in the forests of Austria and Hungary, eBi)e- 
daily in Dalmatia, iSlavonia, and (Voatia. It is a large 
3? to y)enin.1n length, by 35 to 40 mm. in breadth, 
resembling Alepjm galls in having a crown of five or six 
points qjt the rop. The iutorior is swngj’, and has a 
■spheroidal chamber containing the larva in the centre. 
This gall is the same as the ^mnmc Chnu' of Jfihnmmr.* 
The galls are collected froip Angnst to October, after 
t.hey htve fallen from the trees, and are sold either whole 
or in {he form of ppwder,*or as an extract. They contain 
less than 45 pei^nt^f tannin, which, accordin|jf to 
is the lame m that of other galls, gi^ig analytical resnlts 
corresjxmding WlJi the formula, 

• Ihti. dtit SrirMTCf Mod inti ft, srl •* (iaIIiK. 
t Zeit. ami. Chm , 1875, 4 ®* 
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Eihu r * mode an examination of the Kno}f[)ern collected 
i}i KS84 in diiferent KiKtrictH of Anstria, and /bund them 
to contain about- 13 ])er cent, of meist^iro, \fiiil8t the ])to-* 
j)Ort.ioii of tannin i-aa^^ed from 23.94 to 3<;.02.per oenr 

Knojipern j^lls are sometimea used iu'the mauiifactnre 
of ink, thong'll according to TiV/Z/t their use is not com- 
mon. jirobably owing to their coa'.paratively low i)ropor- 
tion of tan yin. 

A similar gull is also produced on the ln/h'lom 

of Asia .Elinor, but is s])herical„and has the tubercles 
round the centre instead of at tlie top. 

Oak-Apple Oalla. —The common galls known in England 
as tttt/c njflv'i are produced by a sjvcies 
of V^|unn^ on the brancbes^of the oaV, 
QucrntH nilmr, and appear to be closely 
allied to, if not identical with, the galls 
formed on that oak throughout Central 
Kuropi*. 

lliey are ]>erfeetly a])hej‘icnl (see 
Fig. 21), and of a light greyish-green 
or reddish colour. 

7 >/vV/.n//. tjffIN rontttin very much less 
tounin than AlepjK) galls, and generally 
less than Kiioppern. Ilraifhirnilrl 
obtained only an insiguilicout amount 
from Devonshiro galls, but did not state wkat method of 
determination he employed. 

Ill 1856 riiu’ii § made an oxaujinatien o^the galjs pro- 
duced by (ftirrrv'i after the eitbapo of the 

insect, icx) parts of the gaUs digested fwitli ether and 
water gave 2O.74 parts of extract, contaiping 17 ^arte of 
tannic and gallic acids. According to J'iiini. these galls 
were ut that time used in Devonshiro foil the manufacture 
of ink. 

•In 1847-48 the oaks in Kas4 Devonsliire became in- 
fected willi (■///{ KolUu'i (Fig. 2|j,*and the galls also 
ajipeared ^iddenly in* i860 in gn^at qiAniities in Umwoods 

■* Dhtjlfr'i, fHffgt. JoKm., 1885, irlv.Vs- 
'+ J/iid. 1875. ‘'*'*'** 4 . 5 J« " 

J Phum. JtWFH. TruHt^ 1^55. xv.* 544. 

§ JM. 1S56. w'l. ijp 
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to thft Jjondon. According to Ifrrhni* thct* 

galls contained a considerable ainouJt of tannin and made 
gj'xcellent ink. * “ 

M there ^as con^derahle donbt ag to 'yie commercial 
value of British {alls, and conflicting'statements had i^n 
pnblishcd as to the aiuouni of tannin contained, Jinhl 
made a series of expcringpnta on galls at different seasons, 
the tannin being ‘precipitated in each case by means of 



Fiu 22.^-<iiiU Withii AW/mjv). \ 5U 

%lum and gelatin.* lie lunnd that old galls hanging on 
the trees in Jlecember contained on the average 15.97 P®*" 
cent. 0^ tannin, whilst mature iviperfora^d galls gathered 
in August contained on the averages 17.65 per cent., and 
half-developed and thrivelled galls 13.44 per cent. 

An uik of avSragg^inality was prcinired frop the old 
perforated gqjls. , * 

An analysis of a specimen of Cheshire galls made by 
Sniilh in 1869 gave the following resnlti : Tannin, 
Phunu JtiKrf. Tivtm.. 1863, -\xH. 520. 
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A571 ; gallic acid, trace; woody fibre, 47.^^ jVoiatnre, 
20.61 ; and colouriiig^natler and Iosh, 4!8o per cent!* 

Sjiecimens of, old oai-apple gall^ collected Ifv ns during 
the winter in K^irrey, contained only 1! ])er cent, of tapniu' 
as determined by Prdrttrn hide-|K)wder iMt‘th()tl, but when 
examined by a colorimetric inethcKl the aiiioont of gallic 
and tannic acids in terms of gajlotauiiic acid was 30.7 
per cent. 

Thcsti gdlls yielded a good ink, and there seenis to ne 110 
reason wliy English galls should not be used in admixtnie 
with the* richer fonngn varieties bj' ink inuiinfacluivrs. 

TJie Fiu'nvk gnlla sumetinies met with in commerce are 
slightly larger than ordinaiy oak-apple.s. which they 
closely resemble in gimeral appearance. They aiv foi'inod 
upon the .«.hoot8 of ///■.»• in Mediterranetfii^listrictk. 

]*robably some of the varieties of Punjab galls are 
obtained from this sp(‘cie.s of oak. 

Other Varieties of Galls.— There are niitneroiis oilier 
kinds of galls, some of which are of considerable impor- 
tance as tanning materials, but they do not a])])earto have 
been u.sed in tlie inaunfacture of ink, tliough probably 
some of them would be suitable for the purpose. 

The ma/l-rrtunmf Alqgn) f/alh, which an* occasionally 
found Dii.\ed with ordiimiy AlepjK) gulls, ai-e also pio- 
duced upon Quemot in/reforitt, but by a different insect 
(6'. pul gee ra). They are about the size of ^ pea, and have 
a circlet of small proji'ctiuiiR at the top. 

riduehiu (jidU are produced by Apojdeuiv Irtdisri on 
plants of the piMurw order, and are expoftt^l froih Bok- 
hara together with pistachios. They are^yed gal].s, abont 
the size of a cheriy, and have a characteristic taste. 

Mceet! or Iktsm'tdi gidh are preduced upon an oak b^ 
Vginpfi inmiut. According to an analysis by lilvfi* they 
have the following compositigii : Tahuic acid,^ 26.00; 
gallic, 1.60; fatty oil, 0.60 ; n;pin, 3.40; e.xtractiv^es and 
salts, 2.00 ; starch, 8.40 ; wo^y fibre, 46.00 ; ynd moisture, 
12 per cent. , 

Tmmiij'. g(dlx, also known as red gttiix, lyD lonned on 
Tuinnrh- uiienhdu and other plants of«the same order. 


Arrkir. der Pharm.^ 185^, Ixxv, [ 2 J, l3Sa 
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ITioy^ire of ^a’brif'lvt rod colour, and are alwiit i cm. long 
by 0.5 cm. Ivoad. TJiey a»’e extensively employed in dyeing 
^pnd tanning, Mid in In^ia they a]% uned* medicinally by* 
llie walives. , Similar galls are prodixH^d wi T. arlieidafit 
in ^lorocco. . 

The galls formed on tlio American “live onk,” rirrmt, 
contain 40 per cent, of t4|.nnic acid, and are very similar to 
Alepjw galls. A*soft. s|K)ngy, and very asiringent gall is 
formed ou^he ('alifornian oak, lohifa.* • 

are due to the action of aplpdes on 
(k'rtain epme-s of TfirhuiOntmt growing in the counlries 
bordering on the JlediU'rranean. They are red in colonr, 
long and Hat, and have honi-shaped projections. Within 
them is a large cavity in wliudi fragments of the aphides 
can nHU,aTl/ lie discerned. 'I'liey contain a considerable 
amuimt of tannin and a resinous juice that readily exudes. 
These galls are sometimes tenued or f/iil/x of S>Kfntn. 

jr<d/f statt‘s that the galls produced upon 
fn-rhiiiUmx in India su'e n'gavded by the native.^ as volne- 
less, though the leaves are used for dyeing and tanning. 
They aii^ sold in Jlombay as pistachio galls. 

'Faxm.ns. 

The substancc-s to which the general name “ tannin '* 
has been u]>pli^l are coii^iounds |X).ssessing certain com- 
mon chemical and physical characteri.stics. They are 
widely distributed tliroiighont the vegetable kmgdom, and 
it is nbt improbable that many of them are individual 
substances, just are the difierent fatty acids that occur 
in vegetable oils. 

When separated in a state of jmrity or approximate 
purity, tannins are odourless white orbrewn 8nb6tances,with 
a very irntriiigent taste. 'J^ey m'e insoli^ble in clilorefonn 
and carmn bisiilpiiido, but^dis^lve in water, alcoliol, and 
ether. The3''^iuld Une or green iosolnble coni] rounds with 
iron sal^s, and niDst qf^hom are pn'ciQitated by ]A)ta8sinm 
chromate. Tliey also nsnully combine with antimony, w ith 
lead, and many other inelnls to form insoluble salts. With 

^ Triii)14>. The J^uhhIhii, \(»1. i |^ 63. 
qf Et'iwwv Pittdndt. 
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til lie water they yield precipitates of varywig colonr, and 
with j'elatiu they for-'h an insoluble ooTU])onnd (leather). 

Tannins are soluble *in concentrited sulphuric acid, the 
solution on besting l>ec()ining first red (rnfigallic acid and 
then blach' (inetagallic acid). 'Fhey are oxidfsed by nitric 
acid and by potassinin permauganate, the latter reaction 
forming the basis of a (|naiititativ(i>ui‘th(Ml of determination. 

ClassiiLcation of Tannins.—' ranuiiis are frequently 
descrilml as “iron-blueing” or “ iron-grepning,'’ ac- 
cording to the colour of tlio precipitate they fonVi wtlli 
in«i salts. 'This diffenuice is evidently one of constitu- 
tion, for, as Sfnilinns(‘* first showed, one group of tannins 
can be converted into gallic acid and yield pyrogallol, 
whilst th“ other groii]) does not give these reactions. 

Tlius, when heated to 160 ('., dill'erent 'tirtxliicts of 
decomposition ai^ formed, the “ irou-Mueing ” tannins, of 
whicli gallotaunic acid may be taken as the t.y])e. yieldiiy; 
metagallic acid and pyrogallol, whilst the “iron-greening ” 
tannins prodnee metagallic aci<l and cah^ehol. 

T/wi'j)i'*ii method of ])rei)ariug pyrogallol by heating 
gallotaunic acid in glycerin has been used as a <jnalitative 
test of the nature of the tannin: 1 grin, of the tannin 
is slowly heated to 160 C. in 5 c.c. of glycerin, and the 
temperature then raised to 200-210 C. for 20 minutes, 
'file liquid is then diluted witli 10 cc. of water and ex- 
tracted with an equal volume of ether (O’; extracted with 
ether without previous dilution, TnM ), and the ivsidue 
from the ethereal extract dissolved in-water ami tested for 
pyrognlh)! or catechol by tlie following te!>tR'.t 


lii'il-Ji'llt. 

1 ])i‘r (Till, siiliii lull. 

Cnt-lfli.il ' 

1 IMTCrill sillllllllll. 

Kcrriij 1 lilitrnli‘ .. . 

Jhir. tiinikiu hnmn. 

tin-i'ii colour. 1 

Kt-rric Jiccliitr 

Ihiik 

.. 

Jjiiii- wiiti-r 

riiriili*. tli.-H liniwii. 

Clear .111 

I’lm-Wdinl iMiii-'tom-d | 

1 

u 

with * h\*lnK-hhiri<- 

w‘\i{ ; . . 1 

! Xo chanjri’ 

Violet colour. 

f 

.Mrloni!-|Hiiiit . j 

131' ' 

in' V. 


' Vri . Chm. Siir., 1S42, i. i.H. f Tniiililr. Thf i. i». 26. 
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WJieu a Cthinin is heated with dilute hydrochloric ad'ld 
(2 per cept.) in ^ sealed tube af«ioo C. an insoluble 
^^preci])itate o&eliagic a^id (crimson'^coJoua with nitric acid)* 
uiaj- be formed. * 

When boiled with alkalies the “iron-greening” taiyiins 
yi(*ld protocateeliiiic acid and ])hloroglucinnl, or acetic acid, 
wliilst the “iron-blneyig” taiiiiius are converted into 
gallic and ellagiC acids. 

The ele^jiienUry coni|)0.sition of the diirerent*tai»nins has 
btK.*n 1 <uggested by Tniiililv* as a possible moans of clas'^i- 
lication. Thus, the gait tannins, or “ iron-blueing ” grou]*, 
contain about 52 |S‘r cent, of carbon and about 3*5 i>er 
Cent, of hydi*ogeii, whilst the “irou-gi'eening'* tannins 
have 60 per cent, of carbon and 5 per cent, of Iiydrogen, 
uj.: 

ftnHip I. 




1?t(li.i|>i‘ii, 


l*fi wilt 

IVr i-i’iii 

ncid 

S2.10 

3- .5-’ 

MtHMlUiniiiii .... 

52.11 

4.40 

('licMinit iKirk tiiiiuiii .... 

5i 4 ^ 

4 ‘>7 

('lii'Ktiiiit tnniiin ( 

5*5 07 

3«I7 

Siiniiii'li tiiiiiiiii [hun') .... 

52.42 

3.56 

(hvnp //. 




1 (^ir)ii»ii 

ll}flni:i>ii. 


Pel iiMil. 

INt o-iil. 

f);ik-k-irk hiiiniii ()iv. nrtj) . . 

' 50.79 

5.o« 

Kino tiiiiiiiii . . . | 

1 .W 

4.S7 

()»k-}inrk t:iiiiii]i ^ ' 

; 5'j.^s 

4 ‘>9 

Ciitccliii liiniiiii . .* . 1 

1 (•.03 1 

4S0 


60-75 

4-65 . 


Tho^anaius in Ufoiip I. give a while jirecipitate, chang- 
ing to blue*wil/i limo water, whilst in tlio case (ft' the 
tanuijis in Cl roup K., the colonr of tlio precipitoto is light 

Hie ii. p. 132 
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pink, to red or brown. Jironpnc water j)r«cipi- 

tiites till* tannins in tke second proiip, but not tliose of tlie 
lirst jjroiip. 

Suitability ff Tpunins for Ink-making, — Only' the 
“inui-blneing” isinnins .m* siiiiahle snbstanres for tlio 
manufacture of black ink. as lias bc*en sliown by SHthft/iij 
and Xt’imunni.* who found that .mix lures of extracts of 
|)ini‘. catechu, ((iiehracho. kino, and hemhii'k with solutions 
of ii-on ^nlfs pive brijfht j>reen colorations on, paper, but 
after si\ nionths’ ox])L>sim* only rust-like stains* were 
h‘ft. 

(Jood black inks can lie piv])!ired from iilj^arobilla, divi- 
divi.iuymi)iilans.valoiiia,aud suinacli, ail of which contain 
“iron-i)liiein«'’‘ tannins. 

Oak -bark tannin, althou^li an “ u‘on-frivenii\[r*“ tannin, 
also contains a Milistance I'iviiij' a blue precipitate with 
iron salts, and can thcndbre be used in tlie niaiiiifactiii’eof 
ink {i‘n/r liijiv). 

Till' most important of the tannins suitable for ink are, 
described indivi«lually in the following pages. 


(’jiLs'J.MT JUUK AM) WooO. 

The Spanish, or Sweet (’hestniit {(^tfshuirn rrs'm), Ik a 
large tree, frequently So feet or more in^ height, which 
grow.s ahinidanlly in tlie c<»uiilries biirrounding tlie .Medi- 
terranean, and in sheltered distiicts as far north as Si-ot- 
laiid. Ill America it is common in many the States as 
far west, as Indiana. The fruit is the well-known clie.stnnt, 
which is largely inqiorted into this country. « 
Chestnut Extract.— An afpieons e.'^troct of eheslnut' 
w(K)d or bark is ])repared extensively in I'ennsylvaiiia and 
Virginia, the dewjctioris Iw ing snhsequently evaporated to 
a. solid mass, Accoi*ding to Trimhh\^ it is iin[)ossibl6 to 
man iifacl lire a good extract without the u.se/)f a vacuum 
pun. It is said to fretpiently adnll-erated witli molasses 
or glucose, and is itself employed to a<]nlte,mt.e oak bark 
extract. 

* Ihf UmPHgtillinitiiilrf p. jS.' 
t Ihf Thhhihii, ii. jk 129, 
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Ch^tnut*Tanrin. — Slichhni* wl^ ap])(*arR to have been 
t.ln‘ iirsl. bw.'iil attejition to tin* vain# ui' (‘hestniit wood jy! 
a tamiinjr at)il«(lyeiii^ »ial.i'rial, asserU-d that it coiilaiuedi 
t\vi( e iis iniif'h tanmii as oak bark. # 

Trimhfi (Aw*, o'.) found aiiwlrird chips to conlnin 7.S5 
IMT ivnt. of tannin, which is slif.rht.ly hii-her than the 
anioimt found by ; whilst. /S'f///«W+ frnind S 5 per 

cent, in chestnur wood, and 23 52 per cent, iy clu'stnut- 
woud e.\’i I’wct of 3 1 He . t he drienninations beiiifrimade by 
Lnnil!tlnf/\ pennaiifTfiii^ti* luetiiod. 

was t lie fiiM to pivpare a tannin from chestnut 
wood, and to debTiiiine its composition and ]irop<‘rties. 
Tlie aijiieoiis extract of the wmal was fraclioiudly precipi- 
t.'iled with sodium chloride, and the linal fractions ilialysi‘d 
and t-hiMi extracted with acetic ether. 

Ill this way he obtained a wliili* pri'paralion which w.is 
soIiilil(‘ in w.aler, alcolml, <‘ther, and fr|yc»‘rin,and ffave the 
folhiwiiiir rmiclions when te.slol in aone percent. solution. 

, ■ ■■ ■" '7 ' " 

j UiriL't'iii... I CIhnOiui inuiiin J OallDtiiiiiiM iirid 

I Kitomi' .siill . . i No ( No 

l''<‘rrii' iiMitiioniiiiii nN 

. . . lllti.>-lil.irk Jim i]ii- ' iSlui'-lil.irk j 

fsilf. i tiitr. I 

Tiirlar 1 ui.-lu > aniiiio- ' I ' 

Ilium cliloiiil^ . Slarlil |ini iiiiiiili'. | .Slight pi l•<-l|li(tlt(■ | 

I Tiiiwiiiiii' Uiiicr . No |ll•‘l ipitiilr. , No pn-iMpitaU*. 

I liimi' n.iici . . . i.ii;ht pni ipilalr. In*- ! iiili* pnn ipiUiti*. In'- ' 

J * y • I coiiiiiiu liulil Mm*. I (‘oiiiiiiu li^lit him* ! 
i Slilplilinr ai III (] O) . , .Vo ilr|ioMl on Imil- J No (l•■|>oMl oll lioil- 

j I "'«• niir. 

AVIieii heated to 200 (’. it wa.s convert od into puofrallic 
and metafrullic aciils. and^raveAn uci'tyl deiivnlive closely 
resembling that of gallotaiinic acid. * 

Its element aiy cwupositioii was also found to be very 
similar to that of galRitaimic acid, a.s is shown by the fol- 
loft'ingV'sults obtained by -Vnyt and ty 7/7//fAA'§: 

• Aiufr. Jouru. .SfHwf'e, i8n). i. 31 j. 
t Jhyflt'r\ iwhjt. Jutru. 1885. iriv. 487. 

t Xi'iT. uHuf, C'//rw., f886. \>v. 134; iilho 'JVInihlt*, Tht' 77 ihjhmI, ii. p. 
124 $ An*. r< 7 ., p. 127. 
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1 t 

1 ClH-slmr* 

nHstiiiir 

(Jicshint 

1 

UiilldlniniK' 

iiriil. 


: ^uiiiiiii ‘ 

himhI liiiiiiiii. 

Imik t.iiiiuii 

* 

j ( Nils.) 

( IhmI-Ii I. 

1 

' 

1 1*1*1 <S‘lit 

IVr ri'iil 

IVi mil. 

I'lT mil 

C.i rill III , 

> 52.20 1 

.S 2 - 4 -! ' 


52.17 

IfMlruireii '. 

1 3-97 ! 

1 

! 4 <»7 1 

1 440 1 

5.10 

__ . • L 


Ji] Tn‘inlili'\ ojunion tiliiH siinilarity in c()in])ositiou auil 
rt-aot ions millers it lii^>Iily proUle tliat rlieslinit tannin 
is itleiit.ieal with the ffalhitaiiuip anid from flails. 

Ink from Chestnut Wood — Shthlux I Aw. in iSio 
found tliat clipstniit w«Mid l•(»lltailled ; as miipli suhstanci* 
fi-iviii^' a Mack coloration with iiun (i.r., tannin), a^ was 
liresent in lo^rwood (hmniatoxylin). Me ^t^lted tlial il was 
probably II nL'(| nailed ns a material for ink, since il ^m\e 
a rich bine-black colour with iron, whilst ^^alls or siiniach 
used in tie* same jiroportion had a redder shade. The ink 
formed liy chestnut decoction was blue, lint on ])ain i‘ it 
dried, \ i"idiiifr an intense black. Tlu‘ permanency of tin* 
ink was tested by expo.sinf( the writing to the snii and air, 
and was found highly satisfactory. 

tStlihilflif and however, in their comparative 

tests on tlie stability of inks prepared Vi'oiii dilTerent 
tannin materials, foiiiul that chestnut iron-ink, originally 
hlue-black, was fainter than th** iukfroin mpstpf the other 
“iroii-hlueing" tannins (p, 50). 

Jn J825 ifn'otttl t(Kik out a ]Tateiit (Kn^. Pat. No. 52S5) 
for a siihstitnto for galls, to wliicli he gave the name of, 
damajavag.” This was pri'pared by soaking 1 cwt. of tin* 
wood of the clie.stout t>ree,/)r shells of the nut, witli water 
for twelve hours, a'lid then Ixiiliiig it witli 180 to 206 quart.s 
ot water and evaiwrating the decoctiyn to ajiaste,' which 
was to lie .used in the mauufactiire of inkv or in tanniDg. 

An ink prejiared Ijy us from chestnAt o.vtTact had'a good 
blue-<b 1 ack colour. On standing exjiose)! to'tlie air for a 
month it .yielded a dejiosit containiog 7.37 per, cent, 
of iiMn. ' ' , 

' * /or. rit p. 38. 
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SrMAcii. 

Sinunrh or^^Humr naiiio given llie left\(*s 6f| 

Vtirious beloirgiiig to the naturnl OTilf^rJi/tint. 

Of these llie Sicilian suiiiacli. li/nt'i rarinna, grows wild 



Ki;r 23 •-Shjiisu'Ii {(Wiiiri'i . 

in S])nin, I’ortu/^al, and other Medilen*aueau districCs. and 
is ai«) widely ciytivated in these coinitries.**, The most 
esteemed variety of Sicilian sumach, known u^^ihnno, 
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I 

o6ciir» ill conimurce ns a light, groeii powiicr wi^li an 
aromatic odour. A sf^cond and inferipr variety, wliich ir 
, icliielly URod in dyeing, has a more < yellow sl’ade and ooii- 
tairiH lesH tannii) " 

Tjie Freiicli sumach is very similai* t.o that grown in 
Sicily. Another French variety, known as mhw, is obtained 
from (Fig 23) 

in preparing huniach for the market, llie branches are 
dried in^tlie sun, and the leaves removed and/TOunJ to 
powder in milk 

The loaves of the \'eiietian sumach, Ithvn mt'iinm, a 
slinib cultivated in Italy and the south of France, contains 
a yellow dyestulf, and a tannin which gives an olive-green 
compound with iron salt.s, and is fhm'efore unsuitalde for 
ink-making. 

In America two species of Ithns.Jt. mivunna ana /»'. 
///^</nw,bot.li of which contain lunch less tannin than Sicilian 
sumach, are exti'iisively iisi'd us tanning materials. 

Sumach Tannin. -The proportion of tannin in sumach 
varies con.si(1erably. but the usual limits are from about 
13 to 20 |»er cent. 

Hfcmhmt' ^ was the first to show the similarity in com- 
])osit.ion a'.d prujawties kdween the tannin of bumach and 
gallutannic acid, both yielding gallic acid aurl pyi^ogallo]. 
The perci'ntage comjiosition of iiis sumach tannin was : 
Carbon, 49.73 to 50.12; liydingen, 3.64 376; and 

o\ygen, 4O.24 to 46.5 1. 

///?/'('••■ obtained a purer product, hy r>xtractiiig Sicilian 
Bumacli with alcohol, tn*atiiig the residue frdmdhe extract 
with water, extmeting the tannin by mean^ of ac(*tic acid, 
and purifying it l>y re|)eatedly dissolving it in water, and 
precipitating it with sodium chloride, (iallic acid (which 
was not identified j would be left in solut^n in the sodium 
chloride treatment.*. 

b)ur confirmed tSfi'tihfUHfr's sti^enuMil of the fonvatioii 
of gallic acid from the tannin. Crystallf of th(*latter were 
obtained beating the tannin soliitj^on eitlier alQpe or 
with 2^ iKT cent, of sul])hnric acid for several Jiom-a in a 
•sealed tube jdaced in a brine hath. 
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Tlii^ vrolwrties of the Sicilian Pimiach tannin wefr 
found to )4i> idi'nii^Hl witli |Tallotanjiic acid, and analysis 
•sliowi'd them V> have tl|p same coiiijKisiliqjn, corrospondiiljy, 
with the formula ( 'fiKfK 

hurt' w’as doubtful nljether the tannin of otlior species 
of sumacli could also ho refpmled as identical with gallo- 
tannicacid. Thus a taijjnin |iPp|Min*d from Tyrol sumach 
contained 52 3 |Vr cent, of carbon and 3.8 per cent, of 
hYdr')fi:en,*coiTes|)onding with the formula* 

^^or(*ov(‘^, this tannin diifered from that of Sicilian 
hiimacli in U(il \ieldin^Vallic acid when heated iR a sealed 
tube with siilpluiric acid. 

Sumach contains a small (jiiantity of a yellow dyestuff, 
tfiit n‘i Inn. 

Ink frdbi Sumach. —As the tannin of sumach is 
identical, or at least allied to tl.at of galls, it was 
to b(‘ anticipated that it nonld \ield an ink of a veiy 
similar character, only modified slightly by I ho colouring 
matter of the leaves. In fact, /iilinuivon*'/ * found that 
the ink made from it liad a giveiiish shatle. 

Lnn\,\ who made expi’riments in 1763 with snmacb as 
an ink material, came to the conclusion that it was inferior 
t j gulls as a source of tannin. 

and Xnninnni,'l however, have shown that 
snmocdi iron-ink is but litth* inferior in durability to ink 
pivpared from f’hiiiese galls, and siqierior to Knop- 
jwrn " ink. According to /’<«//,§ ink is occasionally pre- 
]Nirod J'rom sumacifou a manufacturing scale. 

DiM-imi. 

Jliri-diri is the name given in commerce to the dried 
IHkIs of the South Ameriwiu shrub, f <»«///>/'// /W ivnaria 
(Kig. :54), which was uotknowli in Mnruipe until the latter 
half of tlie eighteenth <jf*ntiiry. It grows in low-lyipg 
marshy landK, attaifiing a height of twenty to thirty feet. 

Tho,pods ai-c of a,(lark brown coloyr, and abofit one and 
a half to three inches in length. They have a very astriu- 

* AhH. ^t^f'llUH., 1792. M'. 156. ^ 

t lor. «■</ ji. 382. j lor. ril. p. 38.* ■ 

§ lhHfflrri> jMtliif*,loHrii., 1875. rcwi. 453. 
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g?nt taste, due to tbe^taunin, which is ,for th*e mos1»part 
concentrated in the nnd imniediately, (jeneatli tlie eja- 
tdennib. The recorded 'amount of rfaniiin rtnjjes from 30 , 
to 52 ])ei' cent^ A cominemal sani]'ie cMtnpned hy us 
con^iined 36 per cent. 

Divi-divi Tannin. — Sirnhotf^i ^ separated a tannin from 
divi-divi, which iie found to lijy’e tlio following' com- 
iwsition: (‘arlMui, 50 IJ; liydrcigen, and oxygen, 

^ 

Tliis tamiin yielded gallic acid and pu’ogallol,* and 



i'lt!. 24 - 1 )i\hIi\i |n)iU, 


formed deep hlu(> insoluble coin]>outids Aulh feriiic salts, 
and was tlius very similai* in coinjiosition nnd pniperties to 
gailotannic acid. 

In a more e.vtended researcl^ hurrj found tl^at the 
tannin of divi-divi Tehaved with luosl reagents like^gallo- 
tanuicacid, from which it was (fistingaisliedjjiowever, by 
yielding a tle|K)Bit of ellagic acid wlieij lidhted in aeneous 
solution in a sealed luV. . 

lie Miereforo described this tannin as (dlagitanuic odd, 

♦ .Vm. thcw. Siu-., 1842, i. 1^. 
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and ascribed to H the formula wliich niaylte 

regarded ii^ g'dlie, acid, iniiiits 2 atoms of 

lixdrogeii, or •galloon nic iicid, plus i atom 6{, 

oxygen. * ^ 

hnn' also found the same tannic acid in inyrohalans^ 

A sjiecimeii of divi-divi examined by us contained 
34 per cent., of 1 ami itv determined eoloriniutrically, and 
expi‘e>si'd in terrfis of g;illt»tannic acid. 

Ink frvn Divi-divi -Shnlnnf\t' {hr. r/V.)*stijte8 that 
e.'dico printers had attempted to use <livi-di\'i as a suli- 
slitiile for galls, hut had not found it sati^faetol’y, owing 
to the large projiortion oi other extractive mailers (gums). 



I’’m. 25.— Ahrolmliiiih 

In tin* ca.se of ink this would not be so ohjectioiiable, 
and in fact ViriH^ asserts that <livi-divi is soiiiet hues used 
in (leTmany ns a soiiixv of ink-tunniii. 

An ink was nri'iiaretl by ns fwni an extract of divi-divi 
(5 grm^.). treated with i grin, of ferrous sulphate. Tho 
deposits yielded by this ink contained from 6.77 to 7.77 
l)iT cent, of iron. 

AIVj{uiiai..\x,s. 

The dried fruit <»f dilferent species of TmnimtJh grow- 
ing ii^ India an^ tlm*Ka.st Indtt« is sold as a tanning and 
dyeing material under the name of rayrolialaus (Fig. 25). 

The ri])o frui# weighs between 5 lo 10 grins., and lias a, 
rerj*<istringent taste, due to the tannin in the;*]^u&k. 

JhHifler'n jMip Jtmm ., 1875. ecAvi. 453. 
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•Tlip Tiidiau species, T. vhtJmh^ \^liicli tlio 

“black ” or “ chebiilic^*’ niyrobaliiiis of poniincrce.is exteii- 
used in copjuiu‘ti!)ii witli irqfi salts a l)lack dye, • 
and is also cnipljtyed in tbo maun fact iiTi' of inj^*. 

Tlie earliest meutiou of the ])ossil)le use ol inyrobalaus 
as a substitute for pills is that made by A. Jnlutsiui '' in a 
coinmiiniealion to the iSoeiety of ^\rt.s in iSoi, in which 
he stilted that the natives in India iiMst them to give a 
l)lack coJoiiV t^) leather, mixing tlie ]X)wdi*r ^’illi iron 
filings and water. * * 

A coni/liiltee of the Society appointed to report on the 
subject found that the ]nd]> anti outer husk of the fruit 
gave a rich black colour with ferrous sulphate. 

Ink prepared by u.- from iiiyroliiilans was of a go<)d 
bliU' black colour, and yielded insoluble de]M)sits^o1Itaiuiug 
about 6 per cent, of iroii. 

The Tanninof Myrobalans.— Afiei + found about I per 
cetit. of gallic acid in luvrobalans, and extracbsl a tannin 
which eontaiiicd .p ;42 i«‘r cent, of carbon and ^ it') per 
cent, of bwlrogi‘ 11 , corre'^jioiiding with the formula 

When heated in a sealed tubi* at luS -iio a 
solution of this tannin yielded a deposit of ellagic (wid ; 
and from this fiu’t and tlieeleimmtnry analysis, con- 
cluded tliat it was ellagitannic acid, identical with that of 
divi-divi. i 

coidirmed /.dz/v’s statement of tin* occuireiice of 
T i)er c-'iit. of gallic acid, hut found tlurf the tannin jivas a 
mivture of ellagitannic acid, and n gbiroside of^allotnniiic 
acid, the former being in the greater propojiiou. 

A s]/ecimen of inynzbnlaus examined by ns wjft found 
to wnitain yj \V'r cent, of tannin determined colorinieti'ic- 
ally, and e.xpressod in terms of gal lotaniii^ acid. 

Vnlmiin in the commercial name fifr tlif^ acorn cnp.s of 
certain species of oak s*g rowing in Asia^Iiiior lyid dii!'ereut 



TANNIN MATKIUALS Joit INKS (il 

pari of (ift'ccp, of which the most imjiortant are ffl. 
aifihp'i and Q. mi'ivU'jm. 

Tilt' hesf twirls ai'K ^.'itlicred liufore tiie fniit is ijuilo 
ripe ill April, tliOKe*T)i-aten from the trees in Septenilier 
and (lehiLier liein^ poorer in tannin. 

The eup^ feoiitainini' the acorns)are first partially dried 
on the ^M’ouiid and then conve\ed l»y mules to Smyrna, 
where they are stfured in warehouses iiiilil slight feriuenta- 
tion sets i^i and ciiuses the aeoriis t > fall frorn'the cups. 



l-’i^ 20. -Valiniia 

If e.Kposed to rJlIln after ^^atherin^. the acorn cups turn 
hhick ^•ind lose ’a cjnskhTalJe nmoont of tannin by 
forraejitatioii. 

As*niet jvith in coninierce valouia consists of semi- 
circnhir prickl]^ baclA^'d cups akuit 50 mm. in diameter 
(see h^ig. 2()). * 

The amount «f taiinin they contain varies "’ith 

the tlistrict, sjiecies of oak and time of coHection, but 
usually ranges frAn abdiit 20 to 45 per cent. 
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* I 

• The following pprcenlages liave been rAwded wh'r 
al,n: 324 (IlanMrfi 38 {(Mur)] h.6-^^.2 (j}otln)\ 
•And 3l.6to 35.04 6S'»/i*flfm/). , * , ^ 

AV////r* oxsmiinwl eigliteon gainpl^t. of diilemit origin 
of tiu* harvest of 1 886, and foniul tluMii to yield from 
42*4 to 51.9 i)cr cent, of total exlrart. 1.6 to 3 percent, 
of soluble afcli. and 21.28 to 30.2 jwr cent, of tannins. 

The best valonia is that obtained ffom Smyrna, tin* 
Creek a^ul 'Albanian products being held in mi|ch smaller 
esteem. ^ ‘ • 

In 1832 the prict's per cwt. w(^e as follows: Smyrna, 
14s. to 15X. ; Morea, ros. to ijs. ; and (’amata, 14s. to i6n. 
(Tuinluivui). The price.s given by 7 V(w 7 »/' in 1885 were 
considei'ably higher, viz., Smyrna. I2s. Cjil. to 20s. Gf. ; 
Morea, lOs. G(. ijo i8n. GI. ; and Camala. to 19s. 
per cwt. 

The Tannin of Valonia. — ^'Piiis apjwars to be niainlv 
ellagitaunic acid, judging by the results of llnftin;fti\' 
who extracted the tannins from \nlouia, divi-divi, and 
algarolhlln, and prepariKl the ac<‘tyl deri\ative of eacli 
The amount of acetyl in the valonia tannin {44.1 ])er 
cent.) nas nearly the same jw that of divi-ilivi (43.19 |)er 
cent.) and algarobilla (43.9 per cent.), and liencv /lufliiiifi r 
concluded that the pr(*|wirations were iJenl ical in com- 
pusition. 

In the coloriinelnc estimation of tlu‘ amount of tannin 
in terms of gallotannic acid we found the solution fielded 
a inucli bluer tinge than the standan^ solution of gallo- 
tannic acid, and it wa.s neft-ssniy to add a* sKght trace of 
an anilim* colour to the latter, in onl«*r iniitch the tint. 
Ill du]>licate detemiimitions we found (1) 59 i ptT cent, 
and (2) 57.5 per cent. The. amoimt found by 
bide |iowder nu'tliod was 20 per cent., so that the tannin 
in valonia a])pcars^to have m giwiter tinctorial vahie than 
gallotannic acid. The filtrate from the Idde ])ow(lj‘r con- 
tained iron-colouring substsnci's (gal lit acid)^ corresimnd- 
ing to 2.5‘ per cent, of gidlotaniiic acijl. * , 

Id finiii rdnula . — Valonia yield.s a very ricli bluish 
black* ink, anil ap])ear.s to us to be a very suitable raw 
* /!'/■ ftW/irr. 1887. \iil. iS. - 
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material fcff the mannfiicture, especially if used in 
admixture with (liinese galls. 

The de]){}si^ yielUt'd^hy the Ink«on exposure to the nic 
anM'ery similar to^lioso ghen hy gall or divi-clivi inks. 
Thus the irepo-^ils examined hyus contained from ii.i; 
to 1 2.8 per cent, of iron oxide. 

Oak-Hakk Taxmns. 

•Owing the fact that infusions of oak liaflc give a 
blii«‘ coloration with iron salts the tannins presimt were 
formerly regarded as identical with galhjtaiinic acid. 
This error was lirst pointed out hy Shiihom* who showed 
that an infusion of oak l)ark differed from a solution of 
gidlotanai# acid in not yielding gallic acid or pyrogallol. 

In 1867 ttrnlu)ir,ih found that instead of gallic acid an 
tainorphoiis reil eoni|iound, ‘‘oak red,” was jirodiiced, 
which AV/if obtained by boiling an oak tannin with 
dilute snlpluirie acid, and concluded to be an anhydride 
with the forninl.i 2(li.lI,0,,-Hj0=i<h,ll^,t)y 

An extended series of ivsearoheson the oak tannins 
wero then nunle iiuh'pendently by AV//, by Zio/ej, and by 
Jinftlwfn\ but the most contlietiiig results were obtained. 
Thus A’/// pi-epaivd an oak tannin which did not dissolve 
in water and gave a green (adoration with feiTic salts, 
whilst JjiHfY obtained soluble tannins with the formula} 
lyUOi, anJ Ca,ll.#.l^.v K'^^e blue j)rccipitate8 

with iron solntioii|. 

Trfmhli f Ifis giv(}u an excellent sumiuary of these 
different results 1 hough without succeeding in reconciling 
them. #He hinisidf has made iinmerous preparations, and 
has found the average composition of nine of tli"se to be 
as follows: (’arboii, 59 79; hydrogen, 5.08; and oxygen, 
35.13 ner cent. — results whiuh corresjmiid best with the 
fonnma of Klfi's tunuiii, 

o])i!iion tliero is no cjnestioii but that ^ak 
toiiniys give iJiven Colorations with iron salts, and he 
attributes tjje blue colorations given1)y oak-bark infusions 

.Vm. Chem. Sir , 1842. i. 140. , 

f. O'lriu , i^'». i. 2W. I 
j Tlir ii. p. « (X 
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the ])ivsence of an associated c()louring-tiia\.ler. Jii the 
case of tile cheatnut he se^ianited tfiia “ iipn-blueing ” 
•compoiiiiLl b}' first pK'cipitnliii^, the oal^ Iniiiiins witl\ 
neutral lead a^'tnte and then tn'abtng the^liltrate with 
basic lead acetate. 

lloactions of Oak Tannins.— On heatin^r oak-bark 
tannins to 190 C. cat^'chol is forpied ns tin' main deconi- 
pusitiun ])rodiict, whilst on fusion with caustic alkali 
protoca^echnic acid is obtained. 

The colour reactions vaiy greatly with the species 'of 
oak whrtico the tannins were deAved, \\lii(‘h is evidence 
that they aro not identical. 

Tritiibli * gives the following table of tlic- reactions of 
the tannins separated fmiu tv\o s])ecic‘S of oak bark com- 
pared with tlujse given by gallotaiinii' acid : * 
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Amount of Tannfna in Oak Bark^— /*/vw/r/’ giws the 
proportion of tannins in Enropeau oak li^rk as lO to 12 
])i’r cent , %,whilbt Trimblr* fonnd the bark of diHm’iit 

* /ill', ri/. i\ j',%8 
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.'jiHni's di AiinM'iP!ui dJiks* to fii»in 4.04 to J421 

I'l'ut.. \yliilst an^ oak l»ark ga\o u.j;; ])dr ivut. 

calfuliili'd on ilic (lr\ , *• 

Tilt* cliiel' s|urif^ ol' oak i'loin wliirli tin* fOiiniiiT(’i:il 

li-irl. is are V f>f'niii>n!o‘», »#Ns///ti-i..aiul 

tin* llr.'.t ol* wliieli iMially coiitaiii** iiioii* liiiunn than tin* 

tilli> I*'. • 

A'///-/ lias '•Tiown lliat tlie anioinit nf tannin varies 
with llie ^‘.'isiin, 'riiiiN in tli** ra-e ol" lln* liarl^ I’roni 
j ri'it,/ he nlif.-jinet] the lolltiwinit revnii*.: A^iril. 
14 Si'. ,Ma\, IH.71 : .lime. anif Anj^ii't. 

1 1.2^ per rent. 

II' I aiia]\'''‘il coinnieirlal oak lark" (ti ililleii-nt 
oriL'llI willl I lie Itillituin:; rebllll" 
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Ink from Burk.— NA ////»»<%» (Ar. e/'.) funnil that 

a ^'ooii liliie-hlack ink could be pi*e|mretl from an iiifnsion 
oi iiak bark, in wlii«h respect it diil'ered from the infnsioim 
of kino, l,aifh,*aii(l alder bark.*', which only j!a\e green 
adorations nillijron salts. 

According to PnrhlKl oak bark was n.scd lifty years ago 
ill conjunction with other substances in the inaunfactnre 
of ink. Thus he gives the following tonnula for the pre- 
paratioo of ink from oak-ljark *galls and KiiupfU'ni : (Jall.«, 
y lb.*.., Jngwood lilbs., in^ed oak bark. 8lbs.. Knopi»eni 
r>lbs., gimi 3 jbs.juifii^oninm chloride J.lb., infused 11140 
quarts gf watei’ and *14 quarts of vinegar, and the infusion 
inixwl with ferrous sulphate. 

« 

^ Jhr (rfrhr. iv. 65. 

t I hill «SS5, ii(, iSi. 

'+ IirliHiil AWn/ 1852, will. 460. 
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Siiici' till* pure oak, tannins an* “ iroii-^roeninj? " sub- 
M,jinet‘s, whilst flu* Miie-black omImui* giv(‘ii l)\ oak-bark 
Vnfiisions with iron sails is only ihe to the presence of an 
a''»o,-iate(l siib'-.^ance {inh supiK), file um* of oak bark for 
ini' i" not ofonoinical. Moreover, ink jm-pareil t‘\diisivel,\ 
iioiii tin* inruMon has been sliown by Srlihilfnf a.m\ Xif 
t'> be somewhat less stabile on evposnrc to li;»ht 
ami air than the inks IVoin j^rills, ilivi-ilivi. or other miIj- 
stauces ’(jutainiun; •‘imn-blneiiij^ *’ tannins. 

WMi' A< ID. 

Tlie tannin which is best known is that contained in 
^mUs. {|iu 1 to this the nann* of •/iil/i»t>hmn itnil has been 
ijiveu to (listiiif'iiish it from 7 /'</r//-oo/o' iii'm mid other 
tannins. It is ])resent in Aleppo, I 'hinesi* and .lai»anese 
ifidU and in Jviitfjtnii, and has also been identilied in 
sumach, nnrobahins. and nl<rarobdlii. 

t prepired gallotaniiic aeid by e\tractinj; jiow- 
dered jjall with ether containinfr water, and showed thiii 
on exposure to the air in an ntjiieoiis solution it grailnally 
yielded an insolnble de|)osit c<nisistino mainly of j^Jillli* 
acid. 

came b» the conclusion that ;;allotannic acid 
was a ^bicoside, which was decomposed on feriuentalion 
in aecordance with the equation ,, 

‘ ‘Jb-**. •’‘ulli.i'b ll>‘> 

I'rf'iiiii n'Ml. ^ 

Snbseipiently it was shown by N'7////’§ tha-' |)erfectly 
pure f»aliotannic acid was free from glhcose, and was an 
anhydride containing two gallic acid gron]>.s. digallik 
anhydride. In his opinion the glucose in tSfmlrr\ ])re- 
paratioii w’as orijijually ^iresent in the fi^llR, and had been 
e;ftractefl simultaneously w’ith the tannic acid. *’ 

7\‘liiihh II concludes that altiionglp gallotaimic acid can 
be ao jiiiMtied as to lie eveutmilly only ulgatlic anhydride, 

* Ihi 1> jS. 

t I ##. r hm. Phitrm,. 183 j, 1 1 \ 
t /hiii. 1S54, Xf. 238. 

^ Ihul 1873. 
j The Tuhhim*, i. ji. 29. 
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it i's rju'fly i1 ever int** with in tlinl .state in the pure " 
article <if ijjjuinierce, which contain^ variable aiiioimts of 
irlncose ill a lyine stulif of coinbii.ati'ni.^ In liis o|iinioit 
the cuniiiicrcial artidfe niiist be r«*^ai'(le(l either as jif'lnco- 
‘‘iile of ilii'iillic aehl. or as a niixliire of tlie ifhicoskle and 
of the ])nre an hydride*. 

.sW/ ///■(/'«'. ' ) prepared a penlact*l \ I deri\ative of ^rallo- 
i.'iimic acid, wliietl inelled at 13;' (\, and had a coiiiposi 
tion !i«j:reeiji^' with the forninla 
•riii* coiMj) iiLiid was iiisolidile in water and cola alcohol, 
aii'l jjfave im colnration ftith imn salt'-. • 

Tin* I'ullowinir const it iitional formula represi*nts tin* fnr- 
Mi.itioii Ilf this acetyl derivative, and aUo tlie foriuation of 
oallie acid l»y the li\dralioii of the j(allot.'iiinic acid: 

oil on 

''.II. 

«»ll ■ ro 

oil o 

«'..ii. 

oil ■ coon 

Fermentation ol' Gallotanuic Acid —(V/* «/#/// showed 
l!iat by keeping a solution of ^allotaiinic acid in a Rcah'd 
'lube s<i as to exclude a! iiiospheiic oxyjren, it could be kept 
unchanefeJ for an indefinite period. 

It has fre<ji«*nlly been af.&erled (».»/., by Z'/o//. p. 43), 
that the ciuiversiou of ^^^llotanni^ ac’iil is due to the action 
of an ^ixidisiii^ i*nf,yuie. It was shown, liowever, by rmi 
Tniilimt tfiat this was not the case, but tliat the s])on- 
faiieoiis chaiip’e •a^ due to the action of two mould fungi, 
J*i iio'illniiif ifltnn tiHi and .IsyKri/Z/Z/'s noftr in the prea'nce 
of air. Jiy inoculating solntioii.s of gallotaunic acid with 
the s]K)res of these fungi, lie was able (0 efft*ct a com])letp 
convers’ >11 of that .sulistauw* into gallic acid in a few days. 
Tlie feriiientatioii ^iily t«ok place within the licjnid, fer 
wlien there ^ths qply a#siirface gi-owth a very small amount 
<if gallifl acid had ljee«i ])rodni!ed after several days’ vigorous 
fernieutution. From the results of >'<tnr\ f exiieriments it 



INKK am) TIIKIlt .\IANi;i'A(Tr.I!i:' 

would sonu tliat ordipary yoast al^o possesses tin* liydro- 
hsiiii; |)ro|H'i'ly of tln-M* two riTiiii*n1\ 

Proportios o** Gallbtannio Adid, -Ual' ilanidr ai'id is 
Si M'llowisli-wl»'tf‘. <rlist»‘iiiii;r. aiiiorjiriou" ])ovvli‘i\ wljirli 
n-ydily solid ile in ualiT. alcohol, and other. 

WliHii healed wilh dilute neids {Slminni^t ) or fenueiiti*d 
{till' >iiji,ii) it take-^ up watiT airl is con\eiii‘d into nallie 
acid, wliilM uln-ii hoiled u it li alkaline .solutions it fields 
pallic a’.'d ellairic acids. When heated aloin- 1 .' (' it 

is decomposed and yields a suhhaiate of pyrojrallol (see 

p. 50 ). 

(dillotannic acid uixes dark ^i(^lel or hliie ]>ri‘C‘i|)iiat»‘s 
with iron salts It is preeijutated rjuantitali\t‘Iy liy lead 
salts, with uhich it yields wliite coin])oiinds. and it foi'iii'' 
white unstaMe frelatinon^ im'cipitales with aiitilnonv. Jt 
comhinos with •'clatiii to f(»nn an insolnhh coinpound 
(leather). 

(•'m.lu .\< in 

(lallic acid (fUI,n +11 M. which was dNco\eieil h\ 
Mur/i, is ])resent naturally in small pn+ortiini in \an'iiis 
VPgetalile suh,stances, such iis tea. palK. and inxrohalnns 
(alwiit 1 iieri'cut.). 

It is obtained from jrallolaunic acid by fenneiilati<in 
with certain mould fuiijii (p. 43), or by tin* liydrolysLu^^ 
action of dilute acid.s : 1 

(„il,,o. II. o 

Itsroiistitiitioiml fonimla shows that it fiia;» liertVarded 
as benzoic acid, in which three atoms /)f hydropen an* 
I'cplaced liy hydroxyl f'roups : 

('..lUolli,. ((MHI [1,0. 

Proportios. — (lallic acul crfstallises in whitf silken 
needles, which melt above Joo ,(\ Jt is much less, soluble 
in w'ater than is gallotannic acid, ^ i '‘part vijuiring 130 
partsati’2.5 0. to bring it into solution. , 

Iti is inoi’o soluble in absolute alcohol,#! 00 parts of 
which at 15 (\ dissolve 27.95 pirts, whilst 100 jiarts of 
ether at tfie same temperature only (li^solve 2.5 pair s. 

When heated alone to about’ 215 U. it is ‘decomposed 



J’ANMX MATKIMAi^S J-\)J? INK.S O'J 

with the loriiiation of iiyropfalhJ ((’.JI .. aud 

water. 

When lieati'd witli sidpliuric arid iit loy C. it gives oH* 
red vapo'iiy of nilig/fllic acid, wiii^t inideT the iiiHiieiico 
of arsenic arid at a high teiiiperatiiiv it yields ellagicncid. 

It eoiiilanes wiili alkalies to rorin tall<, whicli, in alta- 
liiiH snliilion. ahsorliou’iii'n from the air and turn brown. 

Toriic sails are Educed by gallic acid will) the I'orniation 
o: bliie-b]:t{;k coni|Kiiind.s containing iron in flie^feri'oiis 
e lUiliiron {f'In-i/'ttih. 

I'erruiis >iil|)li!ili' free%»»iii forrle -alls oiv,»s nfi colnr.i- 
tnni with gallic acid, but It-rrie siili'hate i:i\»‘s a bln.* colour 
and t‘\i*ntiialK a jirecipilate ( 11 

I’lilike tannic acids, gal.ic acid \ii*lds no iii-olnble 
coinpiiinnt ^*^ith L-elatin. 

\ 'irioiis foriniihe lor the preparation of ink fioni gallic 
ii’itl are gUi'U on pp. f/» 

Roactious distiuguiKliing botwcon GallotHiinic and 
Gallic Acids. -It lias been generally accepted that tannic 
acid gi\cs black yn.c.yo/.//.% witli fuTio salts, and >io 
■ '■ ''/mj,/ willi ferrou- sills, btil lias reci'iilly 

l.'.nn lliat tlie'-e stateimnits arc incorrecl. He has found 
I’lat tannic acid givi‘- a black prcci])itnie with ferric 
iiietatf and a black prccipilale or coloration with ferrous 
acetate. 

^I('|■l'oveJl■, In^luis also pro\ed that- on adding a solntion 
of a ferrie salt drop by drop ti» a s.)biliou of tannic acid 
only a^dark color^ion (and no jnveipitate) is obtained, 
the iron laiftiate being readily w»liible in an excess of 
t.-mnic a. id. .''iw’i* gallic acid behaves in the same way, a 
dark coh.raliou with ferrie ^.^lts is ineonclusive. 

lia.s tlierelore devised the following two new re- 
agents, which lie has found It) be l)otli chara'.’teristic and 
very ser-jitive : 

Ilttiifiifi /. (i ),solntioii of 20 grins, of ferijc 
sulphate per jiljv; ^solution of JS gnus, of ciystiillino 
sodium icarbonate ])i;r litre ; ( ^) acetic acid fsp. gr. 1.04), 
coiilaiiiing 5 gnus, of sodium t-arti-ate per litiv. ^ 

The tannin solution is diluted to sncli an e.xtent that on 

/'.'/ . S-liI^Kiir .iiijJ N.'iiiii:iiiii, |i. 18. 

■ .T. Hill, ('fum , I'J02. \Ij. 7.*v 
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ailflinff tlie forric jiiilyliate sdliition by droj* il still 
iviiiains sliirlitly tnii»s|>aieiit \vlu‘ii tl.u' injuxiifiimi pcdour 
lias bf'i'ii rt'acliwl. About lo P-C-'uI'. siipli -i solution arci 
ti'Piitt'd with tlip iron solntioii (i). wliicii is nddod di-op l\v 
dixip until tin* colour ceil^es to I»«ronn‘ dai'kcr. Tin* winu* 
number of drops of solution (’ i are then added, and twin* 
that rjiiantity of solution Wben tin* li*|nid is sliaken 
and allowed to stand a black prt'cipitate 'is obtained in tin* 
case of , tannic acid, wliilsl j^nllic ;icid yickb no such 
|)recipitatc. 

Tlie ri'aclion is capable of detectin^^ O.OOI j)er cent, of 
taitnie acid. 

II. ( 1 ) a solution of lo grins, of ferric 
snl])bale + 15 gnus of WMliimi acetate + i.J’ pnis. rd 
sodium tailrate per litre; 1 2) a solninm of 1,^5 gmi*- 
of gidatin in j Jf c.c. of hot water. niud“ up lo a litre willi 
glacial acetic acidfsp. gr. i 0(14). 

Ten c.c. of the tannin solutiem are treated with solution 
(1). added dnip by dixi]) until tie' colour ceases to darki'ii. 
and then with the same (jiiantily of solution (i). After 
iK'ing sliaken and left for some time a llocciilent hliu - 
lilaek precitntate indicnteK tannic ucict. 

AV/tts’s ihuhflmi llttulmi* Om* ilrop of the ferric 
sulphate solnlion (20 grins, per litre) is addeil to 10 c.e. 
of the tannin solution, diluted as feijiiirt*il in the test \\ith 
IJeagent I. A permanent dark eoloration v, obtained with 
tannic acid, whilst gallic acid gives a l>lack coloration, 
immediately cLaiigiiig to \cllow. ♦ 

If ferric acetate be used instead of ferric siilphate the 
dark coloration is permanenl w'illi gallicracid as well as 
with tannic acid. 

for tannic acid consists of 
adding one drop of a solution of tnuiji« to a ver\ dilute 
solution of iodine. , The lujnid b&comes coloiirlesSj« ind 011 
now adding a drop of a diln^u soliitjon of ammenia a 
blood-red colour is produced. 

AVtiv. Iia's jiointed viit that tlie reaction is also gi. cn b\ 
gallic, acid, and is thereft'n* inconclusive. 


f,/ ,).jr 32 I 

t I '»/.■/ 7W//. .!««/ I lOj 
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H JtVtiifntf . — It has recontly been 
foniiil by and Jitjnnnlh tli. 11 , on addinj( liydrojyen 

,j»(‘i'o\ide to soluth^i contaiiiii'jj tuiiniu and frrmij!; 
Milplijile, I lien* is'ifti iiinnediatr hbek* pr(‘ci|)itat«\ the 
t.'inniu heinff pivcijiilated quantitatively, or nearly so. as 
a basic taniuiie : wliereas jjallie acid t rente'’ in tlie sAiiie 
way yields .a dark-browni solution, but only a slierlit trace 
of .any insoluble %‘(iiii]»ouiul. The pivr'ipitates \ ielded on 
itrnitioii itoni ,0 to 3 , 1.5 per cent of ferric oxide, and thus 
iii^])r<Mniated in cotiijMi^ition one of /I’/o.fs's basic 
t.'in nates (p. "(j). • • 

\V(* attempted to baM‘ a tpiiiniitathe inetlirMl of sejw- 
r.'diii'j: tannin on llii" reaction, but were unable to obtain 
concordant result 



flLMTKi: 111. 

Ml i\Ks 

'"MiSi" < •■ioiMmIioii 1 1 iii|> rm I • liiii>iiiiii 
" '.hi iifi ,ii< Iron tannntos I.Miliim' .I'l diI'I- 

■■il'.'li h!i|i Hull I HIM, III' -il Hull Ihl-Ii -.ill' 

MotlioclH of (‘Mimarinfr tunnntos ri«.«iii' iihiIhmI 

l.l< IV> >11 - ■■ Kt .ll'lllil.lli !ll••||)lll| IIhii " 1>III> 'lll|•ll.ll• 
•ii-ll'iiil I l,••lHn•^ !<• ,i>ll>»l' lliiiil.il<’ • i-iii* 11^.' I li 

iim'II'imI Mil* li< M ' I •! .!,|| • Ii M M >»1 

Constitution of Ink-foriiung Siibstnnees. Tin* |ir’o,i»')iy 
jiii’.‘M*‘*‘«i*(l liy jjcillir jiihI t.'iiiijiC siiMilsol* Inniiiiij: liiin* rmn- 
IiouikN uiili li-mL* s'lli*- lia*- l»i‘'*n .itlrilHiti'd In ></<>// ' in 
the pH-i'HCV of 1'l‘t‘e ])jM‘ll(i||ii(l llulroNvl LMIIII|is. Ill will, ii 

i*) aN'i (liic tlif iin:i!iiL‘ou< i‘oli<m1iMnMii)l.‘iiur(J with ul]ii‘i 
oMiiiKiiiiuls (if lilt* {ironi.ific mM'Ii'S 

Tliii**, wlii‘ii a color.’itiuu i- (ihtain.'il with ffnii* cMiirii]'* 
tin* n fh'i* livilr.iv\l irniiip may l'i‘ inlVrrfd, an. I 

• in 1'n‘vl, 

I Ml' in'-tiiiii’**. a "I’l'f (*' loralioii i" by I'lifiml, 
■'iilu'viic aciil. jiliffi' 1— iilphoiiK* arid Ac : a /•'''/ Cdlornlii.ii 
l)\ oalhitaiinii acid. »rall!c aciil, ]nn»nrf.Iol.^firbiitiii, and 
many di'nv.'iiivc'. t/f tannic atid : Hfji'ui f<>liiiir b\ iiiaiiV 
tannin*', jc'.cnlrtin, and ]»rii,i-cnlt*tin ; a or n,lil',li- 
rniht colour by |»hlorid/.in, t\ rosin. Ac.; wliil-sl no colora- 
tion obtained with picric acid, dinilro-liuiroijiiinonc, 
acctylmdlic acid. Ac. 

Sihijl' also came t«i the concIn.‘'ion lhal the intcn.'4l\ of 
tlie £*o]onr f«tood in relation to tin* nny/ber of frci<» li\- 
drovyl j/roiips. the siib-tances f.'ivin;r 1‘oloraiions 
coniainin^' only one fiir.*e Iiydroxyl, whii>t deep hhh^hhi / 
coloratums were prodiic*»*d l>y coinpounds •containing' 
Several free^hydrovvl «'roin*>. Thus plienyl-biiliilipnic 

A»h (linn PfnO'ii ifyrt'll'. 1*4 



XATniE OF INKh 7:5 

t)II 

ndd, CJI, , a \i()let colour, wliiU gnllii* 

I'li'nl. < „IL(nll). I OOft, gives a hliie-lilaci; niloiir. 

N'/m// >. work was eslemled in n '•])ocial dii'edion ^ty 
iiivestigaletl tlji‘ relation lielueen tin* 
•’lHl^tltnli(m nrcerliiin tn’i^miedsesl nil's and tlu-ir liiidorinl 
|iiM]) ‘I'lie.s He lifiind that jdieiifiloid eolnunii'' inatleis 
i‘>iriilMne wilh ovide mordants wlien they l^wo liv- 

d"-it\ I JtroiiiH in tiiie nrflio jaisitidii. 

In a ,siili''ei|iient (‘oiniiAinitvif ion, 1, gHw tin* 

ii.j’iie <iF ■' tini.-loijen gron|)*’ tothat al(niiiegri>n]iiiig whidi 
-■iiahles dye'liill*' jo eoiiihint* with nvide inordaiils. 

’rii*' further (|iiesjion of the fni-iinition of |ierinmieiil 
“ink"" iij^ofl te'/et‘ihle til ires was tliopmghly slinlied l»y 
s ii'i’th.f and yi nifitnui.' 

In ord r deierinliie whether any phenol coinpnnnd 
jiMiig an ini en"e foloralit.n with iron salts was snitaMe 
lo' iiiL.tliei ni'ide a scjiesof lesis in whielieaeh Mo-dance 
w.‘i> dissoKeil 111 water (with a hlll'» aleohol if ni(nired). 
Mid then tivat(‘d with the same jiroportion of a solution of 
'« no 1" snlphate. 

rile liijiihls were allowed to run <lown white paper 
'.letehed at an angle of 45 . "o as to form stripes to 
'• inni. in Im-adlli as in their “Stripe {(‘st** (p. i,?i), which 
weie then allowed lo dry. 

Ill the ease of ]iheiiol. reMiiein. li^droipiinone, pliloro- 
.diieinol, orcin, Ina^'etUgallie acid, trimetliy]-p\ rogallol, 
'Old sonie otliei* compounds nothing but a faint \ellow 
?tain due to iron yxidi* was obtained. 

On the other hand, dark violet colorutioiis of varying 
htensity wer** givi-n by gallic and tannic acids, ]»yrogallol- 
’arbii.xylic, acid, metli\l and ethyl esters of gallic acid, 
iota'"iiiin pyrogallol-.sulp!i( 5 nule*aud lueijiato\\ lin. 

Fruni^tliese and ^^iiilar e^\perimeiits Sihlttlinf and AVc,- 
1 / establi>^nMl tuefact that in oialer to yield coloinn 
orming gi permaneiit^ink on pajier. tjie compound must 
■ontain three* liydi-oxyl groups in juxtaposition. For 

* I!,r «/ tl ihnii .I'lS, ISS; w. 1140 
T Jintl. iJJSS. jllS. 
t /^>■ /.'nf |i. Jl). 
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oil , ' 

instaiici'. liMlr(ii|iim(i;ie C', II,' tluo^ not \ioI(l an 

wliiUt l)!i'iniit<#\\lin ainl «rjillu* iu‘i<r. fjicli gi‘ wliipli fon 
tains three iitljacfiit li\ droNvl'. 

«\i: 

< ,1!, olli 

111 M.' -Ml- 

Tlir folour |U( 111 need 1 )\ the oilier .‘•iil)f‘tajiee> weie ii" 
resUiaiit to the action of \valiT and in !*i me case" (<.//. 
esiers of gallic achl and ha'iiiato\y]inl more n^i^tant than 
theordinar\ inks uf jiiailn and tannu* m’uK. 

Julfih'mt tij Liifni ihfl Jn \ — (In e\])0'«ing staiii" gi\en 
liythe diflereiil eoniiioinnUlhat fonmd inks for si weeks 
to the action of a eunvnt of air and In’ight snnliglit, tlit‘ 
fo!lo\>iiio results were ob^ened: 

Ciinilihhlif hint, If -(\ih»iirsuf |)aro\yben/.oicacid and 
orllio-carlioNjlu acid. 

I'l //me/s/f ifr, //.— I Vrogallol-"nl])honie acid, tribronii>\ lo- 
gidlol, diin’orn-nallic acid, and tannic acid. 

liml, ///) //.— Monolirom-gallicacid, |iyiogallul-carbo.\} lie 
acid, and gallic acid. 

linii ti. — l*yn»i;allol. 

fil'd III '^li, <»r Hhthldhlitrl,.- |*_\ j’ocate^'hin, protncateclmie 
acid, niethxland etbyl esters of gallic afidf and'hieiiia- 
to.wliii. , 

Jrom these result" it appears that the inks of tannic and 
gallic ai'ids arc not tin* most ]jeiinamnt, but are fare\-‘ 
ceeded in this re.spect by logwood (lucinatoxylin ) and other 

.The belia\ionr of taunie acidjnk wa*^ remarkak^e. for it 
was the faintest of the colorations i/its group : whereas 
if the acbejitcd fonpuln, in which flierc 'are live hydroxyl 
groujia, of wliich three at least are ai^ficenf ^see p. 67), be 
corn-cl. it should have b^en one of the darkest. 

'J’lie st?*»ility of tin* inks was found to stand in jlropni- 
tioii to their darkne"" on exposirte. 




NATUKE OF INKS 

Srhluffh/ and couaider ijjat lliese i‘Xi)erinn*uts 

sliow conclusively llyit a dpteniiiimlign of frallic or iaiinic 
add in an ink ])iji^ci41hh 1 In a Wennaiistatnte. p. L)):« 
witljnul reJej-cnce tr/tlic jn-eseiice of ot lii'ii comimnmls of 
the winie character, i.s of no value as a lest of tin* periya- 
neiicY of that ink. 

It. has reccnllyl)een slymii l»y one of ns {Mihhtlly that 
this law of atoinit^ ^'roupinj^. esiaLlislied hy and 

.\ciiiinniii.if^ t he case of iron inks alsoopjilies to iyks con- 
taining' ainninninin vanadate in-place of iron. 


T.VW.Vl!.**. 

Compounds of Iron and Tannic Acid. Nimieroiis 
nielallie cinnpoiindsof tannic acid lia\i* )x*en pivjiared, lait 
tin* iron sails are of primary iinjiortaiice in the manufacture 
ol ink. Althon<;li nickel, cohalt and manjranese an* so 
closely allied to iron, it is remarkahle that none of them 
fonns an “ ink ” with taiinie acid. 

On adding' a ferrous salt to tannic acid no coloration is 
at lirst proilnced, thoiiph under the iniliience of the atmo- 
spheric OMufmi tin* liipiid speedily becomes violet, then 
darkens into an ink, and eventually deposits a \iolel-l)lnek 
compound ( / o/e lujnf). (In the other hand, when a ferric 
salt is added to a solution of tannic or gallic acid reduction 
takes place, aiuf ferrous iron can be detected in the litjuid 

( ( rrt It/ ). 

Evictoncecoia aif latormodiate Blue Iron Oxide.— 
//( rj/iii', concluded that in these chants a new acid of blue 
colour was proiTlieed, but Ilt/nr^ril t sbowed tliat the 
'evidence pointed to the presence of coniponnd.s of tannic 
or jrnllic acid with an intermediate bine o.\idc of iroji. 

Tims, on mi.xing ferrous and aferric .sulphate, ami imme- 
diately ftlacln^ the mixture in biilpluiriC acid to elimiiinte 
water, a deep 1)1 iie Vasa is^)btaiiied. An evanescent blfle 
Milphato is afto ]frodii0ed by eva])oi'atin^ a solution of the 
two snl])hates nearlj to di-yuess. Similarly by usin^ 
ciy’stalliue souiuvi phosphate instead of sulphuric achl 
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a ])lnc iron is o'ntaiix'lJ. jSims/ril was 

iiii:i1)Il‘ to i^iolatc thisiliie oxide, but >ynre tljOipurefit blue 
U)1 oral ions weii,* olrfaifteil with Mi)j)lniri(j ii«id. gallic acid^ 
and s'uliiiin jili^^jjluite, tilieii the inisTiirc cnijlaincd tlim* 
i‘i|iy\alenls of femms sail to two et|iiivalenls of ferric '■all, 
lie iiiferivd lliat the liypollndical bine oxide liad the com- 
posit i' HI l’e-( OP ^Ke( > . 2l'V t ).. # 

TaimatoH of Iron. — In 183? '■ studied the 

natniv r^'tln* coiiijioniid formed on athling J\rr,» siiljiliate 
to a voluthm of tannin. The pivciiiitate. when washed 
and «lried at. 120 (*.. xhdded IJ.O per cent of fei rie oxide 
( 84 pep cent, of iron). 

!Viilsli,,i I ppepanal a series <.f hwilnbie coinpoimds of 
soim* of Axliidi there is reason to donhl ilie individuality. 

1. (Ml leaving a solution eontainin^ il quirts tannin 
and one part of,/- //•»*/'< sulphate I'X posed !(» ihe air for a 
moiitli, a precipitate with 8.40 percent, of ferric uxnle 
was ohtained. Tiiis i^ apparmitly the snhstane(‘ formed 
when ink drie.s on paper (//'/e'-o/v and Mihhill, mi'nn. 

2. Kioni a solution containing three jiarts of tannin to 
one part of ferric aci-tate a precipitate x iehling 20.1 5 [n'l 
cent <if ferric oxide was ohtaiued. 

( Ml diluting the dark blue solution a rcsinoii.s piv- 
cipitati* with 13 jy per cent, of ferric o.X'ide iv.siilled. 

4. Tannin solution added drop hy ilrop to ferric an'tate 
Miliitioii gavea pri-cipitate \ielding 50 ]iei;icent. of feme 
oxide. 

5. On adiling ferric ucelati* solution Via tannin st^lntion 
the ])recipitate yielded 25 per cent, of iroii*(i\file. 

* pointi'd out that tin* ^^•l■^e^ of .sa^ts descrilied hy 
Will, It ill iijight he grouped into two sc rie.s. vi/.. those in 
which the hydrogen ill a rnolecnle of acid might be re- 
garded as iK'iiig re|)laceil hy the monovalent, group- [I’l'l ) |, 
and tho'C in wliicl^sexeral inoleflules ol’ the acid g»whially 
replaced the lixdrowl groups in jjrric hydiwide-- 
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#SV/(!/ycoiiailers% doiihffiil wlietlicr some of iritUi ih's 
gelatiii(}us depogtts w *iv individual compoimds, ^iit at the 
bamc time i:^piuts o'lit that tin* agi^ement between tho 


" Siiu iiImi II inriiiiilii nil II. Sg. Mitfiti'stril liv SHiill. wliit^ Mimviuiiiiio 
#iili till' aiiioini^it' iriiiijiiunil In iiiiil l>\*#/(7(7i(i|f/ tiiul 

Jli'innuih. 
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thcoivtifal valiu*s and llu^ ivsiills actually obtaiiu’d ia 
iviiiai-k'al)lf. * 

• I'lii/l- -tales lliab lie lias pifc'|Mireil :yi iron lamialj* 
eiin-Hiii^M)!' i^-.S i^niis, of iron to !l1o f^rnl^. of tannin, 
hat iii\rs no ilHiiils of the aniilvMs. 

Si-iiltifiiif and X‘iti,iniin\ and yiOlnll and 
•■X|n*niiieiits on the coniiioMlion^of tin* .spoiitnneoiis de- 
jio^it from a Mihitioii of fenims siilphatf* and tannie arid 
,.iv desjrilled at Imigtli below. 

has rfMMMith'descrilied a ba^ic iron 
tannate? consistiuj^of a pivvionslj unknown fei rie taiinate 
m combination with ferric liydrovide. 

'I’ll i< was prepared bytreatinj; a tannin solution with 
sudiiini carliontite solution, and adding' ferric snl|ihate 
solution to the soluble {jodiuni tannati* formed. • The exeesa 
of iron C'liid b- iviimved l y tivatiiipf tin* basic taniiato 
with normal aeetk acid, leavinpr the insoluble ferric 
tannate. 

This, when drii*d at loo to 12*) contained 15 o |ier 
:enl. of iixni, ns ai;{iiijsl 140 per cent. re<(iiired by :i 
tannate of (he formula — 

(< „lb*b) 

Takiii^nnto comsideratioii the fornnitioii of otlu*r basic 
•nlK AV/ns subsftpiently came to the conclusion that it 
11 list be regardi'd as tannin in which the liydrogeii of the 
’ai’boxyl group was jvplnced by tlie niowovaleiit groiij) 
KeO], tlllla— 

• 11,0. ^ 

Similar black basic salts, containing two, three, four, or 
ive atoms of iron in the nioleeiile, were jirepnred, but 
vlien more iron was introdaced the colour bi*eanie ' 
irownish-black. 

These salts may be reganled* either ih coTii]K)nnds of 
he ijorraal lannatV with ferric hydii*xide. or 

.s* compounds in which the grofip I renlaces liyilro- 
ren, bothiiii the carboxyl group anil in •fcho' hydro.\yl of 
he fenic hydroxide, •#■.//. — • 

(r,ji.(i,,,j-. 3KK01I), - * 5ii.(). 
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U’l' tfie aii^)unl (rf iron in l)a 4 c. salts drij-d 
at loii l’..iSo tlisit jIhT may l)e iikjjv readily fouipaivd 
villi llif* niiHUfciiiiids ul» nui] uf)ii*r earlier iii-n 

’/t*sfii;.'iti)rs ^ 
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Sinee I lie ei)iiipo’'iti()n of tlu'se basie wills varies with 
the (sjiKviit ration of tlie iron bulution usi*d for the jire- 
eipitatioii, A'out’i pt»iiils out that they may also he reirarded 
fis meivh miNtures of the normal taniute with fmTic 
hydroxide. 

//<•(;>% has based a method of determiniiiii; tannin upon 
iis [»recii)itati<)n as the tannate ((',,II- 0 ,,)Ke (r/V 4 ‘ 

//*»»< Tutnmi*' ph't tjilfith'il Ini f/iftli'tuii’n Ptuvmh. — l/fjh- 
ii'ni'iji and Mili'htll* investigated the nature of thetannate 
formed on adding hydrogen peroxide to a f>oliition con- 
taining tannin Und ferrou.s sulphate. Theiv was an im- 
mediate dense black precipitate, which rapidly subsided, 
leavinji a i|pl(nirl#.s solution. The pivcijiitates thus 
obtained, when dried at lOo C., were found to contuiu 
from 21 to 22. Syv cent, of iron, and were probably basic 
I tannates. 

Gallic acid treated in the same manner yielded only a 
very slight deposit, but tl]^ colgnrof the solution changed 
to dark 4 eddi.sh-browii. 

Attetnpts to ba<^n (piaititative method of detemiiuiBg 
gallotanuic IcicUoii tiis reaction have so fy proved 
unsucc^sfnl. 


' riipnlilibhitl n'siiltK. 
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Mirniur^ mi LsriM^jiv, l^.wiv. 

* t * 

Tin* of tAni^vs «'»rf \f‘r\ nimifi'nii*-. 

jind ath'iiiptsthavo Jiiadt* lo iitilisi* moil of tlic ttjh'- 
tuHis tliat HvmiMl lik«‘l\ t<» uIm* anylliiiii^ a|i]ii'oacliiii;: 
ijnantitalivt* Thus ]iivi*iniiaji.,ii \ntli and 

\Mtli all kinds of inolallic salts«in\(‘ i^Tcn triod. Init llir 
ri'sidts oli diHeivnt (disf'rvoiN liavo Im-imi far from imi.. 
(‘oiiiaiU. ^\liu*]i must he larp‘l\ aftiilmtod to0:o fcncf tl ai 
lliere nj*e mmieroiis taiiniu.N all(^tllat tlio^o vary in tln-ii 
holnividur with dilloront chemicjil rt‘ap‘nl}«. 

i'or valuation of tannin mat'-rials lor li'iithvr iiiaiin- 
facfiiiv llif inothods cliiidly usmI niv Lin'mllmi's niotliod 
^\hi('h is liasod on tlio redudion of |iot^i<^inni ])i‘r- 
man^nnato hy tannins, ami motlmd. nhicli 

depends on the ahsor]»tiuii of tlielanninln puriliod hiil** 
])imder. 

In tli<> permanufanate nndliod an a<|uooiis nolniion of 
the tannin uiateriul is lir>t titrated with potassinin por- 
niangnnate sulution with indict carniini' as indicator to 
ohtaiii a valuation of all tin* reduciiig suh^tances present 
The tannin is then ])recipilated hy means of pelatiu, and 
the liltiate again litrateil, tin* dillerenee hetweeu tin* two 
results giving the amount of tannin in terms of pohssimn 
jierinanganate. The meiluKl wdll thus give the n*lati\e 
tanning value of two sampler of the same kind of material. 
Init numerous juvctmtions aiv e.ssential : for the sjieed of 
titration, stivugtli of the solution. an(^ot^J^*^J^lcl(ns. havo 
an inlluence on the ivsnlts. This method, which doos not 
estimate gallic acid or other compofluds (other than 
tannin) that gl\e a coloration with iron salks. is an nn- 
snitahle one for the valuation of tannin material for iid; 
mannfactiin*. 

Procter’s Method,— We liave found Trlnthh'X^ apjta- 
ratus fFig. 27) a v<Ty simple aad suti/actorj' one •for the 
determination of tannin hy Prwtriis miitholl. This con- 
sists of a cylinder of ahoni 500 c.c. capacity, and d funnel- 
shaped tube about 18 cm. in lengtii, an^ 2.* cm. in width 
at the bottom, whilst the other end tai)er.s to a iiiw* tube 


7V Thhhi0'>. ii. i». 9JI. 
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on wliich is fixed a ])iece of fiexible rj^bber tubing to form 
tlie other linjjb of the, siphon. , 

, A small piec^of cotton wool is puslied ^ghtly down to** 
the narrow end, antTlhe tube then loose’;* packed with 



Fifi. 27.— Triiiiblc'h apiKmituu litr tannin «lj|tL>nuin!ilion. 

8 to 10 griuS|of j)nri4o(l hide powder, and tho opening 
closed with a large piece of cotton w'ogl. * 

The tannin infusion is ponred into the cylinder a little 
at a time, so as 10 gradually moisten the bide powder. 
After standing for about two hours the lirpiid geptly 
siphoned thtojigli the iuSiarubber tube, the iirst 30 to 
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40 C.C. being rejectci^l. Fifty c.l. of the filtrate an* tlien 
evaporated to dryn 'ss on the watej’-batli, the difference 
between the weight of Iho residue .-md tliat previonsly 
obtained liy c”aporating 50 c.c. of hie tannin before the 
filtration giving tlic amount of tannin absorlied by tin* 
hide. 

Tt'iniU' obtained ivsnlts by tliis metliod liigher than 
those given by the permanganate, and alum gelatin 
methods. , 

The ^method should be employed by the ink inannfac- 
tiirer in conjunction with a colorimetric one. 

Jackson’s Lead Carbonate Method.*— This is Imsed 
uiion .A/r/twi/i’.'f determination that a i |K*r cent. af|neons 
solution of gallotannic acid has a specific gravity of 1 CX) 3.8 
at 15.S C. ‘ 

The extract or decoction of the substance is diluted to 
a litre, and its sjiecific gravity detennined at 15.5 (’. 
{('!/,, 1003.86), ]t is then shaken with dry lead carlionate 
at intervals for two to three hours, after which it is filti'n‘d 
and the s])ecific gravity of the filtrate* detennined. Tin* 
loss in specific gravity (/.//., 1003.86- 100j.52-J.34) 
divided by 3.8 and multipliwl by jo gives the j)erc<*ntnge 
of tannin absorbed by the lead (c.//., in this case =13.30 
per cent.}. 

Jdvhon obtained the following results with solutions 
of 5 per cent, strength : — 
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The filtrate from the lead precipitate in this method 
forms a black ink with iron salts, uid the method is 
unsuitallie for valuing tannin materials for inl^ manu* 

* f’km. Sficit, 1. 1079. 



NATDllE OF INKS 

factnre imlesa used in conjnnctiou ^ith a colorimetric « 
iiiethoil. 

Buoas’s Forsic SiU|ftiate Method.*— •Tlii» is based** 
upon the foriijation or sodium taimate and the Rubsetpient 
preci])itntion of the tiinnic acid as the coiniMuiid 
C^jy)., {nth' hUfmt) by means of a solution of 

ferric sulphate coiitainir^r sodinin tartrate to prevent 
spontaneous fonna\ion of ba.sic ferric ovide and acetic 
acid t.o^ dissolve the ferric liydro.vide, wliich ^would 
otherwise be ]ireeipit!ited fcdmultaiieoiisly witli tho tamiie 
acid. * 

The i-eaffeutfi re«jnired are: (i) a solution of 50 grms. 
of ferric siilphaUi (or an equivalent (juantity of lerric 
chloride or ferric aiuinoninin sulphate) oer htn* ; (2) a 
senii-iiorninl solution of ciystnlline sodium eai‘l)oiiat(' 

(7 1 -3^125 gnus, per litav); and f 3 ) a solution of 5 
grniH. of sodium tartrate in a litre of dilute (6 per 
cent.) aeel ic arid. 

it is <‘S}ential tJiat the feme sulpliatt* be at least 
equivalent to the sodium carbonate solution, /.r, nheu 
JO c.o. of each are boiled together and liltered, th«‘ lilt rat 
nnist not give an alkaline reaction with methyl orange. 

Ip pivparing it. the 1i(|uid must not be boiled, or basic iron 
compounds will be dejmsited. 

A furrher test to be applied to the solutions is that 
on inixiug 50 c*:. of water, 10 c.c. of solution (l)and 
10 C.C. of solution (j), and immediately adding 25 c.c. of 
Holutionyi, the lupj'd must remain perfectly clear after 
being boiled Ibr five minutes. 

Tile tannin soktion may be neutral or faintly acid 
or alkaline, but must not contain more than 0.4 jx'r 
cent, of tannic acid. 

In the determination 50 c.c. of such a solution are 
shaken wftli 10 c.c. of solution (f) and jqc.c. of ivageiit 
(1) (an erolution of carbon Jioxide taking placr), and then, 
inmt'ilhth'lff iifxed with 25 e.c. of the sodium tartrate 
solution (3), well shaken, and boiled foe live minides. It 
is tlien liltered, and ilie precipitate w'^oshed until tlie 
washings an* fivu Iroin iron, and tlien dried, ignited, and 
weighedii 

" /riY. ttml, (Itcw^ 1902, xli. 717, 
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Tho wfiglit of the residne multiplied by tbe factor 

32T22^^07.X). ^ 

ffives the amount of tannic acid (mol. weifyht=3Ji.22) in 
50 C.C. of tho tannin Kolntion. 

Clallieaeidtivaled in the saimxway a brown colora- 
tion, ])ut,no precijntate with the renj^ents, and ])asses into 
the iihrate, where it mif^ht Im* determined colf>rim(;trieally. 

Tliiii method Ini', not proved s^tisfaclory in onrliands aa 
a means of iletermininjf the value ol tannin material for 
the maniifactnre of ink ; and althon^di closely followinj» 
the diivclioiiR jjiven, we have been unable to obtain 
concordant n'sults in exjjeriments with soln^i(>iis of pure 
gallotannic acid. 

Colorimetric MothodR. — It is obvious that th»‘ ordinary 
gravimetric methods used by the lea* her mafiufiMJluivr 
tor the valuation of tniuiic materialB arc not very suitable 
for the pn^^)oses of the ink maniifactuivr who wishes to 
take into account all the substances ca|>able of formirij? 
coloured eonipounds with iron salts, and not meivly thos(‘ 
fonninj,' insoluble compounds wdth jjelatin. 

Tlie filtrate fK)m the determination of tannin by 
Pf(H‘tn-'n method almost invariably jfives a dark colour 
with solutions of ferric salts, and this is inoiv marked in 
the case of samples of old material in which the original 
frallic acid has 'mderpone more or less decomposition. 
For instance, we found old Hnf^lisi oak-apple, flails to 
contain 1 1 per cent, of tannin by the f(elatin absorjrtion 
method, whtTeas the filtrate from the 'gelatin com[K)iiiul 
f^ave a deep blue-black colour with ferric salts, and when 
tl'sted by onr colorimetric method was found to contain 
substances e((uivalent in tinctorial effect to an additional 
18 to 19 percent, of gal/otannic acid. 

Hinsdale’s Colorimetric* Metl>:d.— ///uw/ftA- • has 
described a method in wliich tlw rea^^eiU was prepared 
by dissolving 0.04 {(rm. of ])otassium ferri^yanide in 
500 C..C. of water and adding 1.5 c.o^ of^ ferric chloride 
solntioivfAmer. I ’harm. Rtn'ngth). 


■' Amer. Juvru. Vharm,, 1890, 
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TJiP PtaodaSl tannin sohtioii consisted of 0.04 gnn. of 
piircgallotanyic acid^riod at icx) V. » 

In dptcTuiiniijff Ibe ]fl'0]Kirtion o'! tannin in, r//., oak* 
bark, o.K jifnji. of tlift wunple was rxliansH'd witli sne- 
ct'Hsivo Jjiiantities of Iwilinjj water, and the extract iiwuje 
up to 500 c.c. Five drops of this extract were then 
treated with 5 c.c.^tf the»i-eai;<‘nt, and the same (juaiiiity 
add(‘d to 4, 5, 6, 7, and 8 drops of tlie standard tannin 
solntion. Aj'ter one iiiiiiiite 20 c.c. of water were^added, 
and the colours matclied within three minutes. 

Jliimlult' asseits that the method is a])])licahle ^0 any 
snlTstaiice containing; less than lO per cent, of tannin. In 
tJie case of stronfrer solutions an e<|nal volume (»f water 
must he added and the results nniltiplied ]>y 2. 

We Jia\V*iiiade a ninnher of determinations hy this 
metluHl, hilt in our o])ini(m it has the drawlwcks of 
ivijuiriii'; tlie tannin solution to im so >ery dilnte, whilst 
tlie reapfeiit, in addition to being unstable and ])ossessing 
too dark a colour, gives somewhat indt*cisive colo:atious 
with tannin, which are not easy to match. 

A\'e tlieivfore discanled it in favour of tlio following 
coloriiiK'tric iirocess. 

Mitchell’s Colorimetric Mothod.*--rhe reaj;ent. 
consists of a solution of O.l grin, of ferrous sul- 
phate and 0.5 grin, of sodium tartrate in 250 c.c. of 
wal-er. On addi^ig this to a dilute solution of gallotanuic 
acid or gallic acid a violet coloration is produced, the 
intensity of wliicli iy j)ro]iort.ional to the amount of these 
acids ])resenti? * 

The standard selntion for colorimetric mnparison con- 
sists of o.l gnu. of dried gal lotannic acid in 500 c.c. of 
water, and the wliolo of iheisubstances giving a coloration 
with the reagent are expi'essed in tenns of gallotannic 
acid. . 

(ilallioacid may a? so be ysed for the sramLird soliitioi;, 
and the n*8iill| ojgiressrd in tenns of that acid. 

The coiorimelrical comparison mayjie suitahl/ made in 
the tubes first •lesigned by Ihltner for Nesslerising water. 
These are plact*d on a white tile, and the colour of the 


UnpuliIiHliod. 
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i(|iiid in each inaic^od. The aiiionnt,.of gallotannic acid 
n tile tube contaiui'ig the standard i^olntinii being known, 
ho (‘([iiivalent nmoiint in thc^ther tube can then be 
eadily calculeted. ^ 



Kiff, 28 .-*IU>liiiei''x XtSHli-rihiiifr |ulH>h. 

In tliis way the following lesults wen* obtained ; 

Nnt galls, *<4 per cent, j oab apiiloif^^alls, 30.7 iHT cent. ; 
ilivi-divi. 34 per cent. ; valonia, ^.5 vid I59 iier cent. ; 
iiiyrobalans, 39 i)e» cent. ; Jajianeso galls, 56 jfrr cent. ; 
and (’liiiiese galls, O2 jwr cent. 



CUIAITKR IV. 

AIAXrrACTl l!K OF I|{()N (JALl, L\Mv. 

roNTKNTs — Tlir n'liiti\i> |iro|>iirtioii oi psiIU iiiul Imoii" ^lll- 
pliiitc h'lliK tidiif Iniiii (III* ctiiiiiHiMliiiii iti ink (li‘|inMts- Old 
type of iron sail ink (Hil l(iriiinl.i‘ of mm mill ink^— 
Unoxidieed iron gall inks- Gallic acid inks— Japan 
inks. 

TliJi process of preparing ink from Chinese or Aleppo 
galls is a very simple one. TJio galls ai*e ernsliedi, ini.'^ed 
with straw, ami treated \>ith liot (not boiling) water in a 
high narrow aik vat containing a false Imttom. The 
Ihpiid percolates through small holes in this, its passage 
being assisted by the presence of the straw, and is then 
drawn off through a cock and pumjied over the .goods 
again and again until the wJiole of the tannin has been 
e.\tr.acted. 

The liiial extract, wliich should contain from 5 to 6 jier 
cent, of tannin is then mixed with a solution con- 

taining the necessaiy amount of lerrous sulphate. 

Tiik IbxATJVii PjKjroirnuN of (1.\lls axd I''ji«Knr.s 
SrU’IF.VTE. 

Historical Opinions.— If we compare the numerous 
formnhv given by difl'enmt chemists wlio have investi- 
gated the subject, it will' be oliserved .that there is fre- 
quently a great difrepaiisy of opinion. 

One of theleaisliest published formnlio is that given in 
1660 b/CVv/ar^wr/as,* in which 3 ]»arts of galls are to be 
used to I parti of ferrous sulphate. 

Lrin\\ who made experiments with varying jiuantities 

t Uv. r\t. p. 377. 


JBc JLiraiKCHh*. 
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in 1748. found that equal ]mrtB ‘of {;a]Js and ferrous sul- 
phate yiel(li*d a good, black ink, but that the .colour faded 
• in a few days to brownislMellow mn exposing the writing 
to tho light. An infusion from 2 parts of galls mixed 
nith I part of feiToiis sulphate had not faded so much 
after two mouth.s’ exposiii’c, whilst with a ])roportion of 
3 to I the colour was preserved still better. Jiy still 
further iiicreabiiig the pwiKirtion of galls to C): i, the 
writiiigyras paler but more durable, 'fhe proi)ortion nf 
water was found to admit of much greater variation, but 
40 to 50 ])ai‘ts yielded an ink of siitlicient blackness and 
])erniaiiency. 

conlirnied Luis's statiMiient as to the 
inlluence of an excess of iitm upcni The writbi^, and also 
showed that when the gidls weiv in excess the characters 
soon changed to brownish-\ellow<ni exposure. 

From his experiments he concluded that a pi-oiiortion cf 
2 of galls to i of ferrous sulphate was siiflicii'iit to make 
a good ink, and that Uifiss pro],>ortion of 3 to i was too 
great. 

Other pro|)orlions recommended are 4 : i (AVs/fz-.t 
*7701; 5 • 1 (/•''«/}); J.; : 1 2.4 : i (fVc ); 

Ac. Ac. 

All these jiroportions were obtained, enqiirically, with 
galls which probably eontaineil very variable jnoportions 
of gallotannic acid, and by methods in»wliieh clifferent 
amounts of that substance were brought into solution. Jbit 
making allowance for tliis, the lialanc^ (»f opinioi\, which 
is also supported by numerous authorises* not ipioted 
above fAW/z, A’z^/’zzzwzWz, /hu'ltlirnnw, Jic.j. is in favour 
of a proportion of 3 ]>arts or theroaboiits of galls to l part 
of ferrous sulphab*. 

This conclusion is supported by the experiments of 
St'hluUiff md on tho‘coiii]>osition of tke insol- 

nVleiron coMi|)ound that forms pii expQt^ingthe solution of 
gallotannic acid and ferrous sniphake to^thq; action of the 
air, and bjrour own y.x|x*riments on similar lines. «• 

* A HU. z/r f’/nw.. 1792. XV 1 13. 

t nf. } Hil. hhuj 1S27, ii. 1 14. 

^ Uivf. ut Srirurf. art. Ink. * || Iltrf. «/' t Ih'iii. 
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Deductions flrqjn thtf Composityn of Ink D^osits^ 
— Of the naiiieroiiH/'OTiipunndK of tu'uiniji and iron, which 
have alivjidy W*en i*sA-ii)ed (p. jli), thafc foniied during* 
the Hpontanepns oxulhtion of llie ink is th# only one that 
n(*ed Iw considered liere, for the insoluble taunato ]);o- 
d need by oxidation wiih hydm»i*n i)eroxidp has a eom- 
pl(‘tely <litlereiit cj)iiijM»sitiuii {hic. rit., xiijira). 

II ilhlriii ex])osed a solution of tannin and ferrous 
pulpliiile ill J he ]m)portion of 3 : i to the atniosj^uTe for 
a month and a half, and thus obtained an insoluble 
])recipilate i\liiHi, when ‘dried at 100 yielded ^^.40 per 
ceiii. of ferric oxide ( = 5.S8 per cent, of iron), lie 
])roved tluit ‘rallic acid was not formed in the oxidation, 
smei* thejiyiiid, after ivpeated tioatnieni with j^elatiu to 
remove tannic acid, \ ielded a filtrate which did not darken 
on tlio addition of ferric salts. The precipitate contained 

of its iron in the ferrous state. 

Tin* I'oriiiula which be.vt com»s])ouds witli this propiirtion 
of iron is that sn^jrested hySr/tijfW which rcipiires S.5 |ier 
cent, of iron : 

K, (‘•u'l./g. 

<■.,' 1 , 0 ., 

MtJf'tflf/ and Si 011 re]>caiin{f WifIxfciiiH 
t‘\]H‘rimciits, ottained a series of five spontaneous pn*- 
ei]Htatea which t hey removed from the ink from lime to 
time, ^le iinal on| collected after an ex])Osure of 
live weeks. •Tffese five ])recipi(ate.s, dried at lOO 0 ., were 
found to contaiiifrom 0,27 to fi.Gi per cent, of iron, the 
average in the five being 6 35 ]»eTcent. 

Precipitates obtained in llie same manner and allowed to 
dry Bpontaiiconsly in the air contained on the average 
4.«S [lert* ent. of iron. A 8 om{fiete analysis of one of these 
air-dried deposits gave j;lie following iv, suits: Oarlxjn, 
35-;7; 5-«J; iron, 4.80; and oxygen, 54.24 

per cent. When these jirecipitates i)fere dried ftt lOO' C., 
the dark violrt colour changiKl to black, and they were 

* Jiihrfhbor. ^i‘r (vhii Tleraeliii*.). 1848. x.\viij^22l. 

j Ahh^CIicw. liS7S, rl\xv. 176. 

X JUfKig-mjtiJIiiittiHtrH, l)n>wli*ii, 1890,11.44. 




! 1 

liflllntiiiiiiKr and (K(i ) 12 “riiK) ' 

3 

nu 

l*MliilllIl 

Kjj 

37 S 

. " 


1. 

« 

{ dll\s. 

i! I'l 

s‘M 


ft . 




t J 

i 

j 

(ji<i1lii|iiiiiii« Held 1 t 

i 

liiO 

1 Ulik 

rf-s 

S Jlj . 



" 

" 


<!"3 

dii| : 

1 1 

(Jallii' »(‘id (3 ^riiio 1 i\4‘M 

2 

250 

2 Illlllllll^ 

,, 

« 7 S ‘ 

! 

d< |MH(| 




• « 

i 

, f 

( liliiiM* dtHMH'tHiii liiiiii 12 

) 


l-jdti\« 



1 

uriiio. 










; 

Id 1 

72 





{ Hl1‘k' 

1 >!■ 

7 ss I 

4 


’• 



lid. I 

; V* ! 

1 

AlcfijHi >iliic<.MlK,dii‘(Ntiiiiiir<nii 5 

I 

-"O 

{ dH\s 

r f<j 

')0| 


uriiis 






2 




10 , 

11.(13 

/ 72 





3 wnk* 

10 0 

7'1 . 

1 

Kii2li»1i (iiik-a]>|i1i< milK 1r<iui 

T 

J'X) 

2 niik- 

Md 

10 ; , 


.'I Ills , 



1 


1 

2 




1 \ui k 

i.'i) 

<<0 1 

i 


’ 


I •. 

M' 

WJ 1 

1 

•I|||MIII<sC U,|]|h{ 5 :;riUs.| 

J 


• 1 1 

() din ' 

1 * 

7 'll I 


. 

n 


\ W11 k< 

11'..' 

77 « ! 

1 

’ 

■' 


ii dins 

11 (1 

\i 12 { 

1 

1 1 

Ihii-di\i (5 uMiis ) 

T 

200 

2 i^N-kh 

70 

I177 1 

2 

Tiik lUruiitiHl fnnii ilist Milimciif 

• 

• 


J 

II H' 

7 77 1 



■ a 


•- 

• 

■■! 

1 I 

Vnidiiia 13 itnuNi 

1 

2«2 

l,HI1-k| 

ny , 

Hi 

, 2 

■ • „ 

" 


2 Hli'ks 

123IJ 

. 

1 

M,\nilwluiis 15 ;;riiis.| 

r 

200 

« 

2^U>l'ks 

821 

5 74 

- 

. - - : 

i 


• 

1 

— 1 . 


X 

CIm-sUiiU cxiract (5 uriiis.) 

• I* 

M 

200 

I lllHDt^ 

* ‘"-W 

7-37 ; 



M 4 NUFACTU 11 E OF IRON fiALL INK 01 

tlien found fb con^n 6/34 pei’ cenjj. of iron, or tlii* saiiig 
pi-opoi-tiou as lliu doiK)sitH dried dirojtly at tliat tciiiperaT 

Tlie ratio pt iron To tannin was tlins a!i»T : 14.27 (or 1 
part, of ferrous sulphate to 2.88 parts of tannin)— a result 
which agreed fairly well with empirical proi)or- 

tion of T ])art of jron to.15 parts of tannin. 

As there was consul<‘rai)le discrepancy between the 
oomposilio# of the dejKisits obtained by U'if/s/i'tj and by 
and we thought it advisable to once 

inoi-o rejieat the work ‘using not only tannin, "but also 
extracts of diil'erent kinds of galls. 

Our results, which, fus will b^" seen, wert‘ obtained under 
very varvin<r coiiditiuns, are humniarised in the jjivceding 
table. 

Our results with juire gallotannic acid are thtis more 
in agreement with those niWithUnt than with tho.se of 
and .W inmuiu. 

It was Iiardly t.o be exjieeted that galls shr>idd not 
contain other substances besides gallotannic acid forming 
insoluble Com pounds with iron, and this probably accounts 
for the liiglier piu'cenliige of iivn found in the de|K)sits 
r"oin Mnglish oak-a])i)le gull ink, &c. 

We found that the ])recipitates attacked tlie paper if 
dried on the filter at loo l\, and we llierefore in most 
of our ex|ieriiim)ts washed the deiiosits into a ])1atiniim 
basin, in wliidi they wen* subsefiiiently dried and ignited. 

Tin; ratio betw^'ii the iron and gullotaimie acid in our 
dried dejioTits^was us i ; j6, which corrt*h|K)nds with a 
ratio of i : 3.2# betwTen the ferrous .sulphate and gnllo- 
tannic acid. 

Hence each ])art of ferrous sulphate requires 3 parts 
of ])iiiv gallotannic acid. Hiiice, liowTver, the proiwition 
of taniic acid varies in each *kind of material employed, 
the proportion of taniiip material must naturally vary 
correspoiidi^gly^ 

Tlie ^ollowiIl’g table, giving the approximate frojwrtionB 
of ditferoiit materials, i.s based upon the average amount 
of tannin they contain, and on the results of the jireceding 
exp(*]tments. It. assumed that practically t! 5 e whole of 
the tannin* extracted in each case. 
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Olii Tvpk of ImiN Gall Ink. 

WJien bolntioDHof ^rallotiiimic acid ami ferrous sulphaU* 
are mixed tlio liquid at fli^t reiiiains colourlesK aud it. is 
only when oxidation takes place that a violet-black solution 
and eventually a violet-black de]iosit is formed. 

Jn tlic older tyiie of iron gidl inks it' was therefore 
necessary to expose tie liquhl to the air for Nmie time to 
obtain an ink which would give writing o^ sidlicient ini- 
niediato blackness, although even tlie writing with the 
colourless solution of gallotannic add and ferrous sulphate 
gradually becomes black when dried. Jn other words, a 
provisional colour was formed by partial oxidation of 
the ink, and the insoluble dei)08it was kept in suspension 
by the addition of a suilicient quantity of gum araW- 
Ink thus oxidised yielded an finraedillto black writing, 
but had thp drawback that that ]K)i’tibn of <»helnk in which 
the oxidation was cGiiiidete did not penetrate into tho 
fibres of t.he pa|)cr, but w'as attached t(« tlie surface hy 
means of ^e gum and could be washed ofi’. 

* Sim* «]H(t ruloriiij«*trir n-i'iiiih on |i. ou. 
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Li n pfocxf ironfall ink of the old t3f|ie it wa» therefore 
essential have only so much of ^he ink oxidised as i!o 
frive an iiiiingdi;ite bkck colour, Jt'uvinj^ the remaindM 
in All luiuxidised fif^te to pimetrato inli^ the pajier, and 
Ibriii till) iilick insoluble oxidised tannate within tlio 
iiliivs. 

On iKiiliiig an iron ('all ink the oxidation process is 
acceleraled, and*there is also some di*coTiij)ositi()n of the 
tannab', si^ that a complete ink should not be'boiled. 

Cohnirlui/ MoHnn.- TliB paleness of the 
writing; with iiiio\idif^d ink has also been obviated in 
many inks Ijy tin* addition of loj^wood extract fp. I02), or 
mori' recently of various aniline colours (p. 13). Snch 
roloiirin^' matters as Prussian or Turnbull's blue, ultra- 
marine, lie various blue compounds of coptier, are f|uitn 
unsuitable for the purpose, since they are either too insol- 
uble or ivact with the tannin and injure the colour of iron 
tannate. The most, suitable and most widely employed 
siibslanci' as a provisional colour is indif(o, the in-t senceof 
which is a charact eristic featiin* of the so-called ‘'u/i;u- 
I'tin " inl'i {riili' tn/i‘n). 

Old Formulro of Iron Gall Inks.— The earliest method 
of jirepariii^ iron j'all ink that we have discovered Is that 
of the I'ilizalvthan domestic ink, the formula of which is 
shown in the frontispiece. 

water (or clai-et wine or red 
viiiej'ar), i (piart.; galls, 5 o/..; ferrous sulphate. 4 oz.; 
glim, 3 oz. AfUj- five days’ soaking, the extract from the 
galls was heafrd just to tlio boiling-]X)int willi the ferrous 
sulphate (see u^o the rhyme of tlr Jhuf tVoo/r, p. 12). 

(U)f)0).^{alls, 30Z.. macerated in 30 oz. 
of white wine for six days, and theexti’act Tiii.\c‘d with 1 oz. 
of ferrous sulphate and 2 oz. of gnm arabic, and lelt for 
four days. 

(1760^— Gaik 3 oz. ; ra-^j^d logwood, i 97..; 
water, 2 to*3 parts ^ gum, varied at discrotion, but aliont 
i oz. ptr pint, ^flie ink to be sbaken_daily for ten to twelve 
(lays. 

“ (k'khvtriJ tthu'h Ihrittlni Ltk*' (i770).J — Galls, 2 lbs. 
ferrijis sulphate,^ lb.; gnm, 6 oz.; alum, zijpz. ;^verdi- 
* A' |i.* 70 . t Iw.rU. |». 377 - 
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^ris, I oz.; aiid sa 1 (, i oz. ; iu 2 unarts of vftiogar and 2 
(|uart8orrnm water, ^ilecanted after two days ^aiid shaken 
, *liiiy for eigfht. days. , 

Ki'Jiu-* (i/7pj. — (ialK ^ oz.; ferRtiis Kiilj)hate, 2 oz. 
gnin, 1 07 . ; in a (juaii. of rain water. 

IttUmmunl] {I7«)2). — Galls, 2 oz. ; ferrous sulphate, 
I oz. ; cop])ei' sulphate, j oz. ; gum, 1 oz. ; and logvvo(Ml, 
I oz. ; in 24 oz. of water. * 

Jv nl* (if»27).— Galls (1 lb.) e.\tracted twine with 3 pints 
of boiling water, and the extract (2 ipiaits) mixed with 
3I 0/. ot^ferrous sulphate ami thet<anio (fuantity of gum. 

U.\<).\'ihi.sKi) Ikon I.vks. 

The use of indigo as a meaiis of imj)ro\ ing tlfe boloui of 
ink w'as mentioned by JUi-Jcr in 1770 (Aw. nf.), and was 
used ill this country by S/rjiItrusl in 183(1. 

In 185C Lnm/uii'Ji. of Dresden, patenteil in JJanovei* 
an ink consisting of an extract of 42 ])nrts of .\le])po 
g,all.s and 3 ]x*irts of madder in 120 ])arls of watt'r. mivrd 
with i! jiaHs of indigo solution. 5! ]jarts of ferroii?. 
sulphate, and 2 parts of metallic iron, di.ssolved in cnide 
acetic acid. Subset jueiitly the miuhler was omitted as 
su])eriluous, bat the inks still retaini'd the name of 
•• ali/arine ink, although (juite free from alizariue. The 
more suitable name of “ *’ inks nt;ver met with 

popular acceptance. 

In *■ alizarine ” inks the pro(*e.ss of oxidation is jn-e- 
vented as far as ])Os.sil)lp, thus keeping the'liijfiid free, to 
a large extent, from insoluble deposit, and#giving it much 
greater pow'er of ])enetratioii into the |)a|)<*r. The pn*- 
sence of the indigo makes the writing immediately blue, 
and it siibsecjueutly changes to blai-k as the oxidatiion of 
the iron tannate proceeds withiiftho fibres* of the, paper, 
the oxidation iirocoss being completed ,iu eight dpya at 
the most. 

The addition of indigo also increa.ses the )»ermanency of 
the ink, so that the writing offers much mryo resistance 

I 

■* Eider. /We/}/**. |i. 7. + ,\mh. iJr (hnn» 1792. \\. 113.1 

\ 1S27, ii. 114 ^ 1S36. xw.WQ. 

|j Oimjln'ti ptih/t. Jtiui’N.. lS5(). r\lii. I4V * 
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to tlio action of b1pacLin;r agents tbm ordinary iron gall 
inks. , ^ 

Owing to tlift abaenct'^of gum the, inks flow moro readily 
from the ])eu, and are less liable to clo"; but, on tlie 
other hand, the ])re.sence of free arid in considerable pw- 
jKjrtioii causes tlio pen to ])e con-oded. 

Thus we foiiiid tliat. an onlinary steel pen left in a 
typical commercial ‘‘alizarine*’ ink from which air was 
excluded h|^d lost. 5 per cent, in weight after'six weeks, 
whilst ^ he ink itself had become serni-solid. 

Indigo blue is soliiblu in concentrated snlidiiiHe acid, 
and the solution can tx' diluted to a great extent without 
yielding a deposit. 

gives tlio following method of pri'pnring “ aliza- 
rine " ink : a 5 to 6 ]ier c»‘nt. solution of Bid])hindigotic 
acid is treated with snfticienl iron to form the necessary 
amount of ferrous sul[)hate for tlie tannin present. TJm 
excess of fn^e ficid is tlicii nearly neutralised with chalk 
or marble, le«\ ing only a slight amount to retard atmo- 
Kph(‘ric oxidation of the ink.* Tlie clear solution is then 
decanted from tin* insoluble calcium sulphate and mixed 
witli 1 5 to 6 per cent, decoction of galls, yielding a green 
soiiition Ihi-oiigh the mixture of the yellow gall extract 
and bine indigo solution. 

Inks containing neutral indigo carmine, /.c., the sodium 
or potassium salt of sul])hindigotic acid, yield deposits 
much more readily than inks contiiiniug free sidphnric 
acid, though tlio latter also form sediments in time. 

Indigo cHrmhie^ is jin'^mred by dissolving indigo in 
Bulplmric acid, nrlding alkali, and collecting and washing 
the precipilate. 

Pfffllins Jlhtriiu." Jnk, which was recommended by 
as supeiior to any llien sold, was jirepared from (i) 
1 1 lbs. .of galls, with sufiicieirt water to yield 5 lbs. of 
decoct jpn; (2) 4 gz. of injligo powder mixed with li lbs. 
of fuming sfllphnnc acid, and allowed to stand for 24 
hours ; then diluted with 5 lbs, of water, treated with 8 oz. 
of ])owdered ^hnlk, and *8 oz. of iron filings, filtered and 
addet^to 0)- 

hhfih'r'* iMhit..hurK.. 1875. irwi. 533. 

Jhiil. 1857, v\lv. 77. 
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With the object of redncitipf the corm&iveVctiou of the 
'Rulphiiric acid in tjV ferrouH siilpiinfc ii])o/i steel j)cn8 
.rRPveral inaniifactiirery have pro^HWo'd to i^poite ferrous 
sulphate until wliit^ powder was l>ft. It is diiticuti to 
see what advantage Riinh a pnx'ess can ha\e.‘ 

tfttlJ ink* and JIanle'a non-vorw re iiilf 
were jirepaivd in a similar luaiiniM'. 

I 

, ' Gallic Acii> Inks. 

/A'/r/.J in the ciiiirse of his iiu'esli^ration on ^all inks, 
pointed out that after the conversion of f^Jillotanuic acid 
into fpallic acid more than twice asniucli ink was pioduced. 
Thus 448 parts of pfalls reijiiired 144 parts of ferrous sul- 
phate, hut after the conversion of the gallolan) ii acid into 
gallic acid 336 parts of the imn ^alt wen* necessary to 
obtain an ink of the same intensity. 

To effect this coiiver.siou in practice, he exposi‘d a decoc- 
tion of ill), of galls to the air for ten days with continual 
daily shaking, and then addtslto each (|unrt of the Ihpiid 
3i ])ints of wakr, 9 oz. of ferrous sidphate, and 9 oz. of 
gum. 

Dieferirh^ has also reconnnended inks pre]i.'ired from 
gallic acid solutions ol)tiuiied by tho oAidatiuu of gall 
extracts or tannin solutioiiB. 

Oeulked (/nil £rhwlH.—200 parts of powdered Chinese 
galls aie moistened with water and kept in h wai’iii placet 20 
— 25 C.)until(piito mouldy, tho water being rmnwved daily, 
so that the galls feel moist but not wetti .Vteseiglit to ten 
days the fermeutution is complete, and Jhe galls are ex- 
tracted with successive ]KU'tioiiK of hot water, and filtered 
after the addition of some talc, the total amouiil of extract 
and washings umountiug to luoo parts. 

ihitHml Tnnnin <W////('«.n.-«-ioo ^lartspf tannin, 100 
tioilis of water, and 20 jiarfs of hydixichlorio acid (sp. gr. 
il 16) are heated for ten lioiirs bn the water bath dt 80 — 
90 C., aud then gradually diluted' with*9Cx5 ])art^ of dis- 
tilled water. ‘‘ 

• yirtioUnH’s hirt. of (hm , lS20#|i. 5(1;. 
t l*rflitrn ’JWbiiifl Kiirgrlo/i., 1S52, p. 46a 
J Ifn/i'sofifi. Vf/y., 1827,1*1. 1 1 If 
Pfiorm. MhhuoI, 1897. ji 080. 
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For writing inks Dir/rj-irh finds tiiat either feiTons or 
ferric salts can be used witli such OKidised solutions, but 
for copying inks only f#rrons salts lan lit; employed (scft 
cTiap. xii.). He givesHie following direct ioii| for pre]^)aiing 
inks on these lines: 

I. flail Ink. — 1000 ])arts of the oxidised gall d(‘coction 

are mixed with loo of ferric chloride solution containing 
10 per cent, of ircfii, the ink left for two weeks in closed 
flasks and then decanted. ' 

II. ff,ruli*il Tannin fiffm JnL—iOO iwrts of fannin, 
100 of wafer, 200 of ferftc chloride solution (lo jrercent, 
of iron), and 10 ]ier cent, of crude hydrochloric acid (sp. gr. 
1. 16) are mixed and heated for ten honra at tSo — ^ C. 
The Ihpiid is then diluted with /OO parts of hot water, left 
for au hoift fit the same temi^rature (with renewal of the 
eva|X)rated water), cooled, kept in a closed Mask for two 
weeks, filtered, and diluted to 1000 ]mrt.s. 

With inks thus pre^iared the writing is at first hcn^ly 
perceptible, so that a provisional colour is necessar}’. as in 
the case of the following formula*: 

JHnr‘Uad Iron (fall //</,. — Thi*ee ]mrts of phenol blue in 
400 parts of water are mixed with Ooo jraiis of oxidised 
gall ink (1.) and 1 part of phenol, and left for a week in a 
loosely covered ila^k, after which tlio clear ink is decanted. 

Vinkt-hlad Ink. — J ’repared in the same way, except 
that 1.5 parts of yhenol blue 3F., and 2.0 parts of I’oneean 
red it. It. are nseu. instead of the 3 parts of jihenol bine as 
the lU’ovisional colour, 

Ilul-hlad fnk.^-^h i)arts of roncean red II. used. 

flmn-lfad /«/,*— Six parts of aniline given used. 

Jllad, Ink . — The provisional colour consists of 1 0.5 parts 
of aniline green 1), 9 jwrts of I’oncean red l{, and i part 
of phenol blue 3 F. 

•' Alkarinv Ink . — Fonrpartabf iudigotin, and 2.4 parts 
of aiiiliu^ green as j^louring matter. * , 

/jlnc-f/rci fi parft of phenol blue, and 2.5 parts 

of an ilinci green a^ colouring matter. * 

For the fonyula? of gallic acid copying inks on these 
lines see ehap. xii. 

Sfati'^vf Mamvhvnrtln Off vial Ink.—Thh is i/mi^ed 
tannic and L'fillic acA ink, containing the following con- 
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stitnentB Dry gallot.iumic acid, ^3.4 ; gallic acid crystals, 
7.7 ; ferrona Biili)lm*e, 30; gam arabic. 25 ; dilute bydro- 
i'bloric acid, 25 ; and ’dienol, r, iri looo parts of water. 


Jaiwx Inks. 

Wlien an iron gall ink has been oxidised so ns to have 
hecoine converted fur the most part into the insoluble black 
iron tanuate (]). 13), it no longer possesses the iienetrating 
properties of the freshly prepared ink, and retjiiires the 
addition of a considerable amonht of gnni to keep the in- 
soluble jicwdcr in suspension. 

Such ink gives an immediate black writing, which dries 
on the surface of the pai)er with a vamisli-like gloss, wdienct' 
this sort of ink was termed Jaimn ini by Jtimnfi-ovrt. 

tSince the oxidation has taken placid within the Ink 
instead of partially within the fibres, as in the old type of 
])artially oxidised gall inks, Japan inks are more easily re- 
moved than other gall inks. They have also the drawback 
of stickiness and of tlie excess of gum clogging the pen, 
whilst they also readily yield large de])osits. 

Hik/tmnrf'HJupnn Ini contained the ingredients given 
in the formula on p. 94. In Xfuinn^H English patent 
(No. 836; 1865), complete iron gall ink was oxidised by 
being pei’colated through narrow openings in the bottom of 
a vessel; whilst fVrfrr (Eng. Pat., No. 1982; 1873) obtained 
the same results by subjerting the ink to the action of a 
current of air. 

Both of these iirocesses produce “^a^iau" inks of the 
very opposite type to “ alizarine ” inks. 
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7.()tJW()oi), vanahii'm anii ahuask iilai’K inks. 

('<iN'Tr.Ms --Logwood inks— TiiiuutMiil— L o^uikhI cxtmci — 
ll•l■llliltl>^vlin Hii-inalciii ls(i- 1 i.i'iiiiitcin~Ail<litioiL of lotf- 
woixl 111 pill inks— IiomniiMl ink^ Avitlionl tunniii— Chroiin* 
loirwiKNl iiik^- ll.i'iiinti’in ink'<— I' h' oI id imtnnt iiikh 

— Vanddium inks- Black aniline inks. 


Loinvooi) Inks. 

Logwood.— Iliis well-known dyeing material consists of 
chips of the wood of Jl(nnafai\t/ion Cam peek hum m, a large 
tree 1 .o 50 feet high) heloiigiiig to tlic CawfphnarHic, 
Tt forms large woods on the Atlantic side of Central America, 
in Me.xico, and in the W est Indies. 

It was first discovereil by the Spaniards in tho IJay of 
Campeachy, in Mexico, and export«l by tliem into Jllnrope. 
When iiitrodnce^ into England in the reign of Qneen 
Elizabeth, it was soon euijfioyed to adulterate otlier dyes, 
and its use was prohibited os ailoi’ding a false and deceitful 
colour” injnilonEftothe Queen’s subjects, “anddisoreditablo 
beyond seas to owr merchants and dyers.” This Act was 
not repealed until 1661. 

The constant hostilities between the Spanish and 
English led to the trco being acclimatised in the West 
Inmes in 1 7 1 5 , though subsSquefitly a treaty was concluded 
giving tlv? Englishathe right of cutting dud exporting tl^e 
wood from Cmpeachy, 

The best Indian logwood is not^so valuable as the 
Mexican product, whilst Ifonduras wood is intermediate in 
value. 

In irieparing itfoi;tho market, the wood is firsf'divi^ed 
nto logs abhuj 3 feet in length, which ore then cut inta 
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chips by means of ar revolving drum provided with steel 
cutting knives. 

Logwood Extract. ' - Formerly th^ ch i ps were moistened 
and exposed iL a fennentation process, but manufacturers 
new endeavour to exclude all oxidising influences. 

Three methods are in use in thu ])reparation of the log- 
wood extracl.8 of commerce.* The linely divided chi])S are 
frequently dige.sted with hot water under a pressurt^ of i 
to 2 abnospheres, this pi*oces9 yielding a large extract, 
which, however, contains a considerable projjortion of 
I'esiiiR, fats, and other impurities ; (2) the French method 
of boiling the chips with water at the ordinai*y pressure, 
which yields a smaller though purer extract; and (3) a 
diflusion process, in which an a])paratns siiqilfir to that 
used in the sugar industry is employed. The yield by this 
jirocess is similler than in ( 1) or (2), but the shades of colour 
are finer. 

If the >vooil bus not undergone any fermentation, the 
extracts contain chiefly lueuiatoxyliu and but little luema- 
tein. They are sold either os liquids, with a density of 
about 10 lie., or as solid gum-like masses. 

Tiie tinctorial value of an extract is usually determined 
by practical dyeing teste, the amount of colour fixed on 
wool mordanted witli iwtassium bichromate and tartaric 
acid on treatment with a definite quantity of the dried 
sample, being compared with that given by a saiiijile of 
standard (juality. 

Logwood extract may be adiiUeratr'l with molasses or 
tannin materials, though according to llujlrilifr. nl.) adul- 
teration is not so frequent now as forraeily. 

Hsmatoxylin colouring matter of 

logwood docs not occur ready formed in the ctdis, but in the 
form of a compound, /{^rMnr/»<y/f/f,whicl| becomes purple 
on oxidation. 

Hiematoxylinwas first di8Cov“red hyVhrrmd f in 1810, 
and temed lurmatin by him, a name subsoqii mtly changed 
to ht'matarifliii by Knhutnn,] in onlerto prevent con- 
fusion with the colouring matter of blood. 

* •* Rhim', Hir film, der mtlur, FnrlttJiifft\ p. 107. 
t .iffN. ('hm. PligH . 1812, ^Awii. 5j, 126. 
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It was obfainei^by Nitatr* in tl^^Torm of colourless 
crystals containing 3^ molecules of water [which they lost 

uo (a'|, hy^ extractfoii with et.Iier cont.ai]iiug souie^ 
wat.er and in j;he prelen<‘e of alkali bisuljihn^e. 

Pruim'tU'ii . — lliomaloxylin has a sweet taste and ,is 
slightly soluble in water, but dissolves readily in alcohol 
and (‘tlier. The crystals turn rt*<l on exposure to the light 
(in tlio absence of air) without changing in coinpositioii. 

Solid ionsgof silver and gold salts are rapidly rei^iced by 
them, as is also the ease with hVhliug's solution. Stannous 
chloride gives a rose-cofuiired precipitate, ferrous amnio- 
niuni Riil|)hate a slight violet black precipitate, and lead 
acetate a white precijiitate changing to blue. 

(bi dry distillatiioii lueniatox} lin yields pyrogallol and 
resorcinof (or a derivative). 

Fi-oin a consideration of the results obtained on acetyla- 
tion + concluded that lueiiiatoxylin had the constitu- 
tional foruiula — 

<■,, 114011 ). 

1 

I 

('..lUoiP, 

Hsmatein (C„,l I , ,( — ^I’he colouring principle of log- 
wood, which is hrst iornied by the oxidation of the ]»re- 
existing lijematwxylin, was discovered bv (K Enhinniii {lof. 
-W.)-(.!,„ll,4l),,+" = C,„ll,,<)„+ll,. 

It forms yiuill ay hydrous yellowish -given crystals with 
a metallic luslTe. These are only slightly soliilde in 
water, alcohol 8r ether, though the boliitiou in water 
(0.06 ])or cent, at 20 (h) lias an inUmse c^Jour. 

It readily soluble in alkalies yielding violet or 
jiurjilisli bi-own coiiipoiiiids. ^’lie ammoiiiiim compound, 
C,„11 ij(),,. 2N1I., is precipitated by mo^st metallic salK 
Thus ifl yields a* violet « blue precipit-ale with copper 
siilphat,e, a liark^xiolei with alum, and a black one with 
iron aininonium sul|)hate, whilst it feduces a solution of 
silver nitrate {Ilvimi). * 

* Attu. limn. Pfiwtu.. 1859. rix. 332. 
t Hi’ifil. > 1 . litM.'w, J2t), 

Inr. n! 
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ILrmatein is reduced to liimatoxylifa by treatment with 
sulphur dioxide or hydrogen. 

iBO-hffimatefti. — When haanatoi’i is' treated with 
concentrated ‘ sulplinric neid, it dissolve?; forming a 
bi'own solution, from which, on standing, a crystalline 

compound, is de^wsited (Iftnnmrl anti 

PvrJiin).*' 

If hydrochloric acid l)e heated with Im^natein in a 
sealed tube the colour of the fy)lntion changes to dirty 
yellow, and on eva]wrttting the liquid a crystalline de- 
posit of iso-hjematein hydrochloride is left, liy treating 
this with silver liydimide. and concentrating the solu- 
tion i/i mvmi, ho-hn trotnn is left as an amovj»tons mass 
with a gre(*iiish metallic lustre. 

Js(»-hu 3 iiiatein has the same composition as hamiatein. 
which it also resembles in its general r«*actions, though 
many of the nielallic compounds have a iiiuro reddish 
shade of purple. 

Addition of Logwood to Qall Inks.— The advantage 
of adding ii small jiroportion of logwood decoction or 
e.Ktrac!; to iron gull inks has long la^eii known. In 1763 
Leymi made a series of e.\})erimeiit8 to determine 
whether suck an addition had any iiijiinous effect ii])on 
the stability of the ink, and found that the colour ofilieiuk 
was materially impioved witliout lessening its j)ermanency. 

liu recommended an ink consisting of 3 ])arts of 
galls, I of feiTOus sulphate, and ii of Jog, wood in 40 
to 60 parts of water, with gum arubic in the lUDjwrtion 
of 1 jiurt to 20 of 111k. 

LijgictHxJ ilall Jid * was ])re|)ared from the fol- 
lowing ingredients Ijogwood, 8 oz. ; ferrous Bn]i)hate, 
8 oz. ; vinegar, \ quart ; rain water, 5 (|nurt ; galls, 4 oz. ; 
l^nm arabic, 4 oz ; aln>n, 2 oz. ; and indigo, 1 oz. The 
ink was left for fourteen days in the snh before nSing. 

JiikniirnHii § in 1792 agreed wifii LrisV statement as 
bo the advantage ofdogwo^ in iron gall ink, and recom- 


' lirr, rf. rf, rhm Uet,.. \\ . 2337. 


t hr. rif. p. 377. 

J /iiHfrfim, 1770; 


iftS. 


§ JxAi. dr (’him.. 1792. .w. 1 1 3. 
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mended that its vropoiition shouR Do half that of the 
galls. 

t These cnrllearesidts have been ‘‘oily cgufirmed in ourj 
time by the experiments of Mil nit uj and Xsiimann* who 
found that ink prepared from hiematoxylin and iron was 
even more iiermanent than those prci»ared from gallo- 
tannic or gallic acids. 

Ifehl'x (inllir Aritl Unjii'uotl Ink . — fonnd that 
w hen gallicMicid was employed in place of gallotannic acid 
logwood might bo added in the projKjrtion of I J iMirts to 
I jiart of th(‘ fonjicr. * 

lie preiiaivd an ink on tlieso lines by ex]) 08 ing a decoc- 
tiiiii of galls ( 1 lb.), to the air for ten days with occasional 
daily ng^iun, so as to convert the gallotannic acid into 
gallic acid, and t hen adding a decoction of logwood ( 1 1 lbs.), 
l8 oz. of fen'ous siil])haie, and itS oz. of gum. 

This ink is decomposed by alkalies and alkali carbon- 
ates, the iron l)euig precipitated. 

Logwood Inks without Tannin.— Since lucmaloxyliu, 
the active agent in logwood, contains throe adjacent 
liy«lrox 3 'l gi‘ouj).s it follows the general role established by 
H'/ilaiti!/ mid A^vuinaiin of yielding an ink with iron 
salts. 

'ITio iron logwood inks have a greenish shade, which 
gradually changes to black as the writing dries, .tMum 
logwood inks •have a deep violet-black colour, and 
chromium logwood inks a violet colour changing to 
black. Clu’omio acid added to logwood gives a deep 
black precipitaftp, whilst potossinm chromate yields a black 
ink, and if addeK in excess a black preci])itate. 

in fact, as I’irtfl + has shown, predintales are gradually 
formed by oxidation in logwood inks containing nlnm or 
iron or copper salts, though moro slowly tlian in iron 
tannin ink. The additioi* of fogwood in excess does not 
prevent this, but the de}i^ition is retailed for a longtime 
by couipletel|r excluding the air. 

Jii'iniycs Iron iMtjmwi lnk.\ — Tj^is may betaken as a 
• 

'' hit' KiitfmjiiUHtiiinl H , !». 3J 

t J‘hihH. Miuj., 1S27, ii. 115. ^ 

J fmlfft. JofirM., 1875. 1'cwi. 456. 

k Ifiid. 1857, (;xliii. 240. 
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typical ink of tliis class. Il prepf.red by dissolving' 
2 grins, of logwood extract, and .3 griiis: of ferrous 
sulphate, in looc.c. ‘'f water, then, addirg lO gnus, of 
crystalline sodium carbonate, and linally, , 2 grni«. of 
oxalic acid. After complete settlement t lie ink is decanted 
from the sediment, and a suitable ])roiK)rtion of gum 
added. 

This ink. gives a good black writmg, but we have found 
that the, diameters liecome somewhat, brown after .two or 
thivB mouths. 

The uniting gives a red colomticm with h\ diwhloric 
and other acids, due to the log^vood, and n l*luish-green 
with acidified imtassium ferrocyanide solution indicating 
the iron. It is gradually Ideaclied by bromim*, water. 

who investigated the character of the inks 
formed on adding rerrous sulphate to logwood, found 
that the greeiiisli-bliio emnpound first formed was 
gradually o.xulised to a brownish-hlack eompoinid. 
Copious dejiosits were given, however, In such logwood 
iron inks, and hence concluded that logwood should 
not be eui])loyed alone, or slioold not exceed a third of the 
amount of tlie galls in mixed inks. 

JhffffrrR Alum hiiftmul — This is pn« 

pared by hoiliiig 1 part of alum, 2 of cop])er sidjihate, and 
4 of logwood extract with .^.8 parts of water, and filtering 
the solution. The filtrate is a red-violet u-.k, which writes 
pale violet, but rajudly darkens and soon becomes jet 
black. ,, 

On treatment nitli bromine, water I’lie writing is 
changed to md, and then to faint bi-ownisn ytdlnw. 

The grear. drawback of the ink is its instability, and 
it must be kept in tightly corked lioltles, wliich sjiould 
oonlaiu as little air as jwssyde. ^ Ink jirjfpared by ns and 
kej)t in a corked Ijot tle containing air bad yi(‘ldcd a dense 
deposit in six weeks, and gave ovly faint writing. ' 

VM~Iih(d Ihmn hi {Emv hK» yYij'ryi/o//w’).J— This 
consists ot a decoction of 75 parts of logwood in boo 
parts of water, to which is added 3! parts of nl urn. 3 parts 

* PInItth. Mug., 1827. ii. 114. 

t Ihutjlfi'x jHiiifL JuHrHf 1.857, cklili. 2.(0. . 

I I hill. 1S59, Hiii. 77. 
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of gam arable, aiK^U ports of suga^ Candy. Ths mk 
allowed to stand for.twq or three days and tlien strained. 
• Tiiks containing only*Iogwood alnvi write with «• 
reddi'<h-violet colonrj wliicli gradually chaiges to a dork, 
though not absoialely black, shade. ^ 

lledf'x Cniipi'v Lihftrml Ini'. In VivdtU opinion 
copp(‘r sulphate should always Ix) used in preference to 
ferrous Bul])hal.e in logwood ink, since it gives a blacker 
writing. • 

He n‘coiumends the following fommla: —Logwood 
exiraot, 20 kilos, in 2(^3 kilos, of water, mixed with a 
solution of 10 kilos, of ammoniiiin alum in 20 kilos, of 
boiling water, and the mixture treated with 0.2 of sul- 
])hnric aqi(^ and 1.5 of copper sulphate in 20 litres of 
water. 

Til onler to obtain a darker li(|uid the ink is exposed to 
the air for some days before being bottled, thus producing 
a •' pixivisioiial colouring, '' similar to that given by indigo 
ill “alizarine’' inks. Inks of this 1y]K* aiv sold imiler 
different names, *.//., rM-hlad h\L 

To obviaU' the jialeiiess of the writing given by such 
inks as this i<fnd 1ms prepared a writing and copying ink 
which gives immediate black cliarnctiO)*H by adding a little 
chromate to a copper logwocxl ink. the chrome ink in this 
case, ivpresentiiig tho ‘‘provisional colouring” matter (»/. 

p. 13). • 

Vif-iU (/(«•. vil.) states that lie has never knoivn an mk 
of this kind to gelatinise. 

A great olije^tion to all logwood copper inks is that 
they cannot bemused with sb'el ]>ens, which gi-adimlly 
withdraws tho coi)]M*r from them. 

The addition of free hid] ilinric acid, as in Vhlfn cop])er 
logwood ink Unpm), retards the foniiatiou of u de]K)&it, 
but causes the ink to corrode sK*el pns. 

Chrone Logwood lul^. — linage^ Hiscovered thatjiy 
adding a verj Rnyill iwo|»rtioii of jxitnssium chromate to 
a deooclton of logwood a deep blac(j fluid waif obtained, 
which could 1 » used at once as a writing ink, though by 

* DiiJlfru /wlj/t. JoufH., 1875. iTXui. 76. / 

t ('hem., iS47#ii 205: thmjlern jwlffl. 

225. 
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jncn>asiug the aniohiit of chromafte a ))lack predpitato was 
proilneeil. 

• Jlintijv'n Chi'mi' hik‘ — wa‘« oiigiually ]>i'epared Ijy 
boiling JO Iba, of bigwood with w^ter nn^l 8o lbs. of 
dQcuction were obtaiued, and adding potassium chromate 
in lljp pi-ojiortion of i |)art in lOOO. 

Jf solid extract of logwood Ik* need. 15 pari s are dis- 
solved in ^1000 jiarls of water, and 1 part of potassium 
diroiiii^ added. . 

Iltniffe elaiim d for this ink tb* advantage of yielding 
permaiient black writing, and di not acting iijuni sU^el 
pens. 

considered that ItHhi/t'a formula had t(K) large a 
ppo|)ortion of logwood, as shown by the red -brown (‘dges 
of drops of the ink on uhit(‘ blotting paper, aud'advocated 
the following proportions: logwood i‘xtract 24. potassiimi 
chromate 2, and water lOOO |urts. 

In the ])roportioii reeoinineuded by Kfirmnnsti { 1 of 
chromate to 8 of logwood extract^ the ink is too grey, 
poinling to an exc.ess of tlie chroninte. 

Although JiuiH/c had been able to use his ink con- 
tinuoiLsly for two year.s, it Jjas l)t‘en found by others that 
after a time a coagulation due to some unknown cause may 
occur. 

iSirhi t made numerous experiments to find a remedy for 
this, and eventually found that the addition of 4 grains of 
moron rie cldoride to a Iwltle li(|iiefied the coagulated ink 
and prevented it from hecomiiig thick again. 

/'nv/i,* however, asHv*rts that AVc/z/a rlmecly is useless, 
and that a better remedy is the additioil of sodium car- 
bonate, as in Ihilticru wiitiug and copying ink ijuifm). 
Do foiind that siub ink, when kept in a w'cll-closed ink- 
stand. remained ibid for two years, an^ hence concluded 
that tlie best means of piWrviiig the ink was to com- 
])1ftely e.xcludo the air. 

IHlifers Moilljimtiini of lUintjv* y)/A^§-|Kifteen parts 
of logwood extract ^ro dissolved in 900 pails of boiling 

« 

* IhMjIrr'it fwlyl. JiwrH., 1S59. f li. 80. 

t /W. i850,r\\ 77. 

J /hul. 1875. mil. 7|. 
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water, and 4 parts «f crystalline sodiwn carbonate dissolved 
in the cleat* decanted ^liition ; a solution of i part of 
fotiussliiiii chmuat^^ in 100 ])artii. of crater is Ihially* 
addl'd. • • 

AVe have prepared ink by each of the above mothers. 
I!niiin''n original formula gives an ink which yields very 
hljiok clmracters. but requires the jwn to be frequently 
filled, or the writing ap])ear8 faint. The ini; kept in a 
ti'st-tuK* closed with cotton wool was ])erfectlji liquid 
alter three luuntlis, though it then yielded writing with 
11 bi’owner t iuge. 

A .simultaneous expi'riinent in w'hich a drop of formalin 
had lieeii added to the ink gave analogous results. 

Ink prjjjigred at the same time by modification, 

and kepi in a large' w’ell-closed tlask (containing air), had 
a slight mould on the surfaces and gave dirty brown 
writing. Hence the addition of phenol or other preserva- 
tive is essential for this ink. 

According to ViviJi, linin' hunhi'"' and 
‘' ////■ irithoitf -fr/W,*’ are imitations of Jhtnyn 
original chrome ink. 

A “ blue black ink,’' consisting of logwood decoction 
•ind chrome alum, gives writing which is too pale and 
grey. 

liithrouHift JuL * — One hundred parts of log- 

wood extract am dissolveil in 800 parts of lime water, and 
when solution is complete, 3 i>nrts of phenol and 35 partF 
of hydrochloric agid are introduced, and the whole left 
for thirty miifhtes on the hot-water bath. It is then 
cooled and filtei^d, 30 ])arts of gum arabic, and 3 parts ot 
jmtassium diromate added, and the ink diluted to make 
iiSoonarts. 

This ink is violet-red ii^ colqur, and the writing at first 
a])])oars reddish-brown, but rapidly dq^rkens, and witliiii 
five miflutes has bluish-black tint. It keeps well and 
yields very liltle^epdSit, but, owing to tlie amount of free 
hydrochloric acid present, it has % considera'ble actioi 
ujion steel Thus in one of our exjjeriments a per 
left in the ink had lost 4.5 per cent, in weighs after sb 
weekft* whijst the i«k itsqjf had become semi-sond. 

* jwlj/t. JoHrM., 1 S 83 , wxJv. 475- 
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, The basic clilorifl(4 and acetat# of cjiroinuim are ROinc- 
times used instead of potassium chrniiinie iiifclirouio inks 
■ in order to lesbgii the pendency t(? ^^I'latiniijp. « 

linlirlfh's Ink. — liirh'rir/i 'ivconi^iends the fol- 
lo,\vin^ as a cheap and eflective ink for school purposes : 
200 j)arts of a 20 iK*r cent, solution of lojjwood 
extract are diluted with 500 |mrtR of water and luxited to 
^0 (\ A solution of 2 parts of ttotassiuni bichmmate, 50 
of chrcgne aliiiu and 10 of oxalic acid in 150 ])arls of 
Avnter, is then added, drop by dro]), and the mixture 
maintained at yo (’. for tliirty ntiniites, and then diluted 
to lOOOtiaits and mixed with i iiart of ])henol. After 
staiidiupf for two or tliive days it is decanted, ami is tlien 
ready for use. ^ 

Hmmatein Inks. — Inks prepared with liaunatein in 
])laco of logwood extract have mon^ brilliant shades. l>ut 
are wanting in liistn*, and are readily decomposed on 
heating. 

An alkaline Inomatein ink is jirepiiri'd by mixing 12 
IKU'ts of Ijii'matein with 720 parts of water for two houi’s 
at about 20 (\, and then decanting the lii)uid, heating it 
to 30 (A. and adding 3 |)arts of ciystulline sodium car- 
bonate. Wlieu cold, 0.5 jiart of |iotassium chromate in 
4X parts of w’ater is gradually added with constant stir- 
ring, and lastly 12 parts of gum and 0.5 part of phenol, 
with sntliciciiti water to make 960 parhs oiink in all. 

And Ihiindrin inl, consists of 24 parts of 
lucmalein dissolved in water (760 |Mirts) at a tenipiTature 
not exceeding 39 C., then acidified* w^tb ^0 drops of 
strong sulphuric add, mixed with a soliAion or4 parts of 
ferrous sulphate in 4S jiarts of water, 12 jiaits of hydro- 
chloric acid, and diluted to 960 jiarts, a suilicioiit (juaiitit \ 
of gum being subseijneutly added. * 

Tills ink is dark ivd m colour, anu gives dark red 
w];itiug, which clmnges to browy and tlieu to black within 
twelve liours. 

For otiter fonmdiy of logwood inks see Vojnjfnij Inl\ 
chap. xii. 

Use of Logwood in Patent Inks.— liOgwopd fre- 
(jueutly ^k-ciirs ns an ingredient of patented inks.* Thus 
Plnum, VaHHiiI, 1897, p, 685 
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it is used jH/ 7 f/jWr AW>/// Ini; (Eng. Pat. 

Ko. 747+ ; 1S37), wiilst Urott (Eng. rat. No. 8770 ; 1840J 
]Yepari‘(i a similar imielfblo ink, coysistlng of a logw'ood « 
iron ink with t.lie adding of gum, indigo, J Russian blue, 
gas-black and iron nitrato. 

In ./. Ilmik's latent (Eng. l*at. No. 11.474; 1846), tin.* 
prHci])it,ate obtained by adding in(‘tallic salts (iron, eo])])er, 
potassium bichromate) to logwood extract is incorporated 
with a print ing ink. 

In lost) (Eng. Pat. 342), C. nml (L Smntn claihied an 
ink ])ivpaivd by addinf^ ]K)tassium bichromate with a 
biidlcient (piantity of potassium bicarbonate, ]>otasBium 
chlorate, mercuric chloiide and laintuouia to a decoction of 
logwood. ^ 

rmUnroif (Eng. Pat. No. 1 1 12; 1857) patented a leg- 
wood copying ])aper (see chap. xii.). whilst logwood and 
hsemaloxyliii ink ])0\vderR were claimed by (\inlvji (Eng, 
Pat. No. 106: 1867), Jhifoi'd (Eng. ]*ut. No. 974; 1876). 
and (trHutnilJ (Eng. Pat. No. 963 ; 1881). 

./(V//{Eng. I’at. No 4484; 1875) pivpared an ink by 
the action of tiingslicacid u)>oneolonriug matters, sucli as 
thoM* of logwood, eUlerherries, At. 

foH'uw ami Co. ( Eng. Pat. No. 859 ; 1 883) used logw’ood 
tw an ingredient fd an indelible carlxni ink ; and Fruslirr 
\Eng. I’at. No. 8241 ; 1885) has patented the manufac- 
ture of ink froii^wasb* logwood and ))0tassiiini bichromate 
from dyeing jirocesses. 


V.VNMJini IXK.^. 


The discovery of the fact that amraouinm vanadate 
forms a black ink with gallotannic aci<l is attributed to 
IlvnrUas* but w’e have been unable to discover any ivfei'- 
ence to the subject either fh th? Jalmitlcrii'hk or Mu'hav/i 
of Ilft'sJims. Tlia statement that this* ink is of a very 
permanent cimracter Itas Been copied from one text-book 
to another, a^ is still fonnd in different standard works 
on chemistry.# 

In 1889 Jjijielllaiua f made a number of experiments 




1H35. Ivi. 237. 
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rith inks thus prepared from g{^l extracts* and solntions 
Of pure ^allotannic acid, and found *tliai ^oili flie ink 
^itself and the writing' faded aft erilie lapse of a few weeks, 
lienee he douJ)led vvlfetlier 7 ATW'////*Miad%ver made any 
t'.\’]ieriitients with tlio ink. ' 

*\Ve have repeated the work of Appelknnn * and can 
contii'in wliat he says alx)nt gall vanadium inks, thou^di 
^•0 find that gallntunnic acid gives an ink of sonienliat 
greater prt-nianeucy than was found to l)o tlie case hy 
him. • * * 

It has heen sliown by one of iiSi(M.) iliat tin* law esiab- 
lislied hy SrhlitllHf and Xnnimnn (]). 73), for iron salts 
also u])p]ieH to amuioniuni vanadate— /.r., that it fields 
black ink witli substances containing three adjacc'nt 
hydroxyl groujis. Thus gallic acid, logwdod extract, 
htematoxylin and pyrogallol combine with ammonium 
metavamiidate to form black inks, whilst ])lienol. benzoic 
acid, saccharin, &c., do not form such euin])ounds. 

None of these inks, however, have proved sut isfactorv in 
our hands. Although tliev give an immediate black 
writing, the chai’acters gradually turn yelhnv, even when 
protected from the light. JJenee, apart from the (jnestiun 
of ex])ense, ainmoiiium vaniulate cannot be regarded as a 
suitable constituent of writing inks. 

It lias, however, been claimed as on addition to inks in 
various ])ateiits. Thus Pinhicn (Eng. ly., Xo. 2745, of 
1871) prepare.s an ink from an aniline salt with a sidt of 
vanadium or nranium and an oxidising agent ; and a 
similar patent was taken out by ^Eug. Tat, 

No. 1620; 1875). The use of vanadium is claimed by 
Hid'lxsm as a constitnent of a marking ink (Eng. I’at,, 
No. 5122; 1878), whilst it is also used by WvUn'y 
and IfridriH'inn in their patent safely ink (Eng.* I’at., 

i0,;s7; iM- 

MUrli^l (h\ ('!>.) has described cci;tain reac^uns of 
vaAodium enabling vanadates td lx; readily distinguished 
from chromates, which are frofinently*veiy similar in 
colour. * 

Amilf/itf, 1903 . 14 ( 1 ? 
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itt^ACK ^NILINK 

^Tho formation of abiliAo black in » fine Rtate of divisioij,, 
witliin the fibres of the paper was ftescrib*^ by Jmibsen 
ns an indelibifi ink for writing or marking, though it has 
chiefly been used for the latter purj)0sc. " 

Varions brands of nigrosine, wliieh are the sodinm salts 
of the snlphoTiic acids of anilidoplienyl- anilidodii)henyl 
and diauilidodiphenylsafranin-hydrochloride, af(‘ used in 
the pref»aration of a block writing ink. They ai-e^dily 
sol able in water, and whan dissolved in the ])roportion of 
nbont I part in 8o yield a solution whieh Jlows retidily, 
dries to a good black, and has no action on nietallie pens, 
The solntion keeps well, and the writing resists the 
action of flifferent chemical reagents, although it can he 
removed or smudged by water, and locks the i}eriiiaiienoy 
of good iron gall ink. 

dotijtifnmd Colli Hit' Indulin ink,”* which was awarded 
a prize in Paris, was a blue-black ink which, according to 
Vialf, contained nigrosiue or similar anilines dye-.-ituffs, 
Solutions of nigrosine were sold under the name of 
“ stylogra]ihic ink ” when first luaniifactured in 1867, owing 
to the readiness with which they flowed finm stylograidiic 
pens. 

Particulars of other aniline inks are given nndei* 
Golmirrtl John ii^chap. vi. 

* Jhiii/Jri' h /Hth/f. 1867, cKxxiii. 78. 
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COLOriSKl) AVlUTlXd INKS. 

( 'iiMr.XTh.— 1 1 wliiriciit— Goloiirod'aniline inks—Fujiii <■- 
iiox" <if aiiiriiu' itikh— L‘nti‘nt«‘il ••uUnm-il iiilv». 

Historical.— One of tlie earliest references to tlie use 
of a coloured ink is by PhOairh, who nieiiiioiisia ivd ink 
(iru/opov with wliicb certain letfers wore marked 

on the doors of the in Athens. Ked ink com- 

pounded witli minium or \(‘rmilion seems to liav(‘ been 
used for the tilles of books among the Jtomaus,* whilst 
(vii. 12) slates that rubrica (n*d ochre) was nsed 
for the same ]»urpose. It is intei’estiug to note that our 
word “rubric,” which is ai)plu*d to the titles of sub- 
sections printed in red, thus iinda its origin. 

A reddish-purple ink was j)n‘pared by the Komans 
from the Mnir.r, the mollusc which yielded the famous 
Tyrian dye. Montjanvon was of opinion that this was 
the source of the ink used by the llyzantlne llni])erors in 
their signatures to documents. In fact, the use of any 
red ink was forbidden to any one e^cc^tting those of 
royal blood.f m 

If the Emperor was still a minor, his guardians signed 
for him in green ink, the general use of which was |)ro- 
bably also interdicted to some extent. According to 
ink of this colour 'was 'frecjuently used in Ijatin 
manuscripts, though rarely found in (iharters ; hut his 
retharks apply to later ages. ' 

The some authority stated that blue' auQ yellow ink 
seldom occurred in Oid manu.scriptB, and that he knew of 
no instance of the latter being nsed later than 1200 a.d. 

• ^)vh 1 J I. i. 7. t T. [zjj' 

J Orif/iH »/ ll riitHtf. 1803, i». 209. * 



qOlXlUllED WOTlNCi INKS 113 

(Jold and silver inks yem used both Greek and 
itonian Emijerors at later periods. These probably* 
consisted of tlh liue-ty divided ineljds inoorj)orated witli, 
some adhesive iTiedirtfi, such as guhi. .^f(^j!allic writing 
of this character was sometimes biiniished or coated with 
wax. • 

IKrr/itr (lh‘ tirvi'i'lix, 1582) gives details of the compo- 
sition of ink of dilY'ereiit colonrs, and refera to gold and 
silvei' inks. 

In tlft) work of (1660), to whicn wv have 

frequently refen^d, various foniiulm for coloiiH'd inks 
appear, such as solution of verdigris in vinegar for green 
ink, iSre. 

The use of both indigo and logwood as dye-stuifs was 
forbidden lii^iiluglaud in the reign of Elizabeth, and the 
Act was not raix^aled until the reign of Charles 11 . (riih 
After that they gradually came into use as con- 
stituents of writing inks, and are now widely employed in 
the manufacture of black writing inks. 

Inks can be made of any desiivd tint, for a variety of 
] figments and dye-stiitfs are at the manufacturers’ dis- 
posal ; ami the discovery of the coal-tai* colours, to wliich 
(he mail) credit is due to JWUn, has increased their 
ivsources almost indefinitely, for they ai*e now al)le to 
match any ray of the solar spectrum. Before the lime of 
alizarine and amlinc (1858) the maker of coloni'ed inks 
had I'ecoui'se to the various vegetable and mineral pio- 
ducts wLicli liave lieen used from time immcmoiial for 
dyeing fabrkjs. .Tims for red he would employ Brazil 
wood and cocliinbal, the latter having a disadvantage in 
the circum stand* that caustic ammonia in eousideroble 
ijiiantity is necessary to dissolve it, so that it shall remain 
ill solution and How freely from the ])en. But cochineal 
or carmine inks >vere expensivt^, and they, together with 
Brazil wpod and tyi-salt red inks, ceased to be manufao- 
tuied to any ^at eAfeiilf when the more brilliant eolU- 
tar colours k'lam^ available. 

Older Fonpulss fbr Coloured Writing Inks. — ^I’he 
following recipes, taken from various sources, are ty])ical 
of tlie^kind of coloured ink prepared from pigm^s otl\pr 
than aniline dye-stulfB : 


n 
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Ikil Cocbiiieal i oz. ; ainuioiiia, i oz. ; 

and water, i quart ; the infunioii being decanted after 
three days, diluted willi water to llii‘ I'euuii’ed inieiisity of 
colour, and a little antiseptic added. 

(ii) Brazil wood (powdereil), i lb. ; acetic arid (5 ])er 
cent, atrenglh j, i gallon, boiled until of siiilicient colour, 
and the extract lui.xed with 8 (w of guuj, 8 oz of 
alum, and a little ant.iaeptic. 
ih'ifu lids “(i) (’ream of tartar, J j)avt ; verdigris, 

2 parts, boiled with 8 parts of water. 

(ii) (lo])per acetaU*, i oz. iu i pint of water. 

(iii) J*olassium chn)mate. 10 parts; hydrochloric* 
acid, 10 jiarts; alcohol, 10 paiis; wat«‘r, 30 parts. 
Neutralised with sodium carljonatt* after reduction to 
the clironiic. salt, mixed with 10 parts oi' gum, niul 
decanted ( ll'iiMr). 

(h ) Indigo ink mixed with a 1.25 ])or cent, solution 
of picric acid {Sfi in). 

lihu' Freshly pr(*cipitated I’nissinn blue 

triturated with a tenth of its weight of o.\alic acid, 
and water gradually added. 

(ii) Indigo carmine, 10 parts; gum, 5 parts; in 75 
parts of water. 

Vin'iik //< A*.— Infusion of logwootl mixed with copi)er 
acetate, gum arabic and alum (liomniidfi). 

ViulH YhA*. —I ndigo blue ink mixed with cochineal ink. 
Yrllinr //{/.x.— (i) A decocition of 25 parts of IVrsian 
h^m^siJUiaiiinm &c.) in 100 jxirts of a 

3 jwr cent, solution of alum mixed Qi'iMj 4’parts of gum. 

(ii) A solution of gamboge in alcoLul ( 10 : 10) mi.\'ed 
with 5 jHMlsof gum and dilnted to 30 parts with water. 

(iii) A 10 ])er cent, solution of picric acid containing 
2 per cent, of gnm. 

In a Jifpfi/'t to the #SV?rt/cc nkl Aii^JJr/wr/ninit in 1888, 
Dr. Jii/sw'll and 'Sir IK Abac// sumiparised the results of 
theh experiments on the stability of various water-colour 
pigments exposed for two years to the action of light and 
dry air. In each 'case a wash of 8 tints iras applied to 
pa})er of the same size and quality, M the slips enclosed 
in, glass? cylinders, so arranged that fw circulalum of air 
took place whilst dust was excluded. 
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xlOLOpRED WHITING 1NK« 

In the following list, b/ia^d on those jofiiiltp. tlie difForont ^ 
pigments ai'e arrangod in tho order of tlioir iiihlahility. 
whilst those sfiowing rf dilinot olninge in hjio or dr-ptli of. 
cofunr are marked an ustoriskf (’arniyio,* oiiinson 
lake,* purple iiTadder,*' scarlet lake/ Naples u'llow,' olive 
green,* indigo,* hrown madder/ gamhoge/ vaud^ke 
brown/ Indian \ollow,* cadmium yellow, sepia, aiireolin. 
rose madder, pormanenl l)lue. Antwerp blue, inudder lake, 
vermilion, emornld green, burnt umber, yelkfw oclire, 
chrome •yellow, raw sienna, Indian red. Venetiafl red. 
burnt sienna, chi-oiiiium* oxide, I’rnssian blue, coball, 
ultramarine ash. 

When exposed to the action of moist air very few of 
the ]»igments remained unallbcled, and nom* f»f those of 
organic oi-tgRi, whilst the rriis«5ian and Aiitweip blues 
were eompletely destroyed. 

Ex])eriinentK wen* also made in nhicli the washes of 
pigment were protected from the action of atmospheric 
oxygen and moisture. The >enuilion turned black, biit 
this change was attributed to a physical and not to chemi- 
cal alteration. 

7n a later series of experiments, to quote Sir 11'. xl/f}trf/\ 
wonls : 

“ Wo took exJictly similar lulw*s, dried the ]>apers very 
carefully indeed, dried the tube, inserted the i)apers, jnit 
a Sj)rengel pump to work, and made a vnrimni, ajid then 
when the vacuum was very complete, sealed otf the to]> 
and exposed them.” I’nder these stringent conditions 
only five colours were dieted upon in the very least, and the 
amount of cbangAwas almost iiiqKTceptible. Tlie five that 
were changed wer<' vermilion, raw sienna. Prussian hhie, 
puiplc madder, and sepia. 

Cdloi'KEI* AxilNe Ixk.s 

AniiiTtA Inks.— Any conceivable kind of red tint, frofti 
magenta toth^mdfct brilliant scarlet, can now be^btained 
from the makers of coal-tar colours, iftid the writers have 
to acknowledge #lieir indebtedness to the Jiailh-h 
Company, fM, for their courtesy in supplying fq}l infot* 
mation'as to the inost suitable dye-stuffs, and sending 
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s{)ecuiien sampleft /or tesliog. , Some of tiiese oolonrs are 
more fitted for ink uiaiiiifacture tliaii others, those which 
are the more readily soliilile in’^wafer bfjinjr naturally the 
beat. Th<* rrd, known as eosine, ^hioh was discovered by 
CskW in 1874, was early recognised as a valuable material 
for the pnrimae, and appears to be mure used than any 
other dye-stuff. Tu at] neons solution eosine is sulijeci to 
the formation of a fungoid growth, so that a small quantity 
of an antiseptic must be ^ded to the uik to keep it in 
good condition ; otherwise its rich colour is liable t!o change. 

As in the case of rtnl inks, the manufacturer has a 
number of ditfei'ent tints of blue to choose from in the coal- 
tar colours. They are most tempting substances to euqiloy, 
for the suitable ones form a true solution with \vat(*r, and 
as a general rule nothing beyond water is rerjuired to 
convert them into serviceable inks. The first aniline 
colour which was tried for the purpose was llofmanns 
violet, discovered in 1863. adye-.<ituir of such high tinctorial 
value that an ink conqiused of one part of it in 200 jtarts 
of water not only {pves a most vivid colour, but will afford 
by pressure three or four good copies. 

FugitivenesB of Aniline Inks.— Instances of the 
instability of ink of this character, which is largely 
employed for tyjiewriting, are given in a let.tf‘r to the 
Anici'ituni (Ap. 18, 1903 ). The writer states that 
typewritten documents, after l»eing sU»red for six mouths 
ill a slightly damp place, were illegible, with the exception 
of tlip gall ink signatures. 

In another ca'ie a letter-book was wetted with water 
used to extingnish a fire, and the sigmti.iires (in gall ink) 
were all that remained of 100 images of corresjiondtmce. 

it has also been shown by ( Vf«« and * that all the 

aniline colours when dyed on fabrics fade more or less on 
exposure to sunlight, l!^hilst* eosine and 4 methylene bine 
are specially fugitive. 

The following table of ceiliwu aniline dve-stnffs suitable 
for coloured writing inks is based on informatibn supplied 
by the iJtL 

See also A nil ini’ lilark hh, cha]). v. ; Cujiffiwj Inh, 
«hap.'i'ii. ; and Id- Pomkrx, chap. vvi. 

• JoMrH. Siir. Arfdl'jKgi, xxxix. 
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Anitine D^r~JttiffK n^italHf for Jvl'*. 


' ■ 

('iiliHir. 

! liiil. 


(inrii. 


Tiadi‘ iioim- •• 


ViCIllilll* , 


I <‘r\lliriisiii(‘ 

I and i>li)i»\iiii'. 

I 1’oiK'i‘iiii warli't. 

i • •• 

; ('otiiiii Miirli'l. 


Alkali »nllh ol l•r(lIllilll‘ and iiHliiii' 
cntniHiiiud^ (il lliiorcM‘(‘iii and nl 
dll liloittiiiin‘M‘i-111. 

Alkali s'llth III \\iidiii-:iKii- ami 
('iiiiiidiii - assn - lln|llItlll•ldi^al|lll<>llil■ 
; .iciik • 

I ^(mIiiiiii sill III aiiiidiKixti-lii'iiKiil-am- 
I iia|ilitliiililihiiljiliiiiiir arid. 


■ Nriitiiiirfins'ii S.li. 

! hijifcl»|iMi‘ii N.K. 
I (\r|lii\VI<-ll). 

' Li«lil irni'ii S.K 
I (lllllloll), 

I liianiiiiiil {;m'ii <•'. 
; \ Jt. 


A triplirinliiiftliaiii* ihr-wiiill. 

Sndiaiii sill ol i|ii‘lliil-ililiriix\l-dia' 
iiiidotri|ilii'ii,\l I'.irlniiul IriMiliilm- 
iiir ai'iil. 

Soiliiitii Milt 111 liii‘ diiiirth}] null' 
iHlllllll. 

.Sail- Ilf ti*lnH‘|livl- and ll■tl':l■lm‘lll^ I- 
di • juini • aiiiidii - Iriplii'iM I i .irhi- 
di nil’s 


I'diir, I liiiiipii I'.imiini'. 
Nilalilr lihir T. 


\'iiili’l. \(id violi’t 


llidiuotiii hkIiuiii disiiliiliiinatr. 

^alt>> ol tri|ilii‘ii\lroMiniliii and In- 
lilii’iiiliRiniriiNiiiiliii • triMil|ilioiiii’ 
ai’iiLs 


Sodium will ni IrtniHInlililMMixil- ; 
|ianirir4iiiiliii-diMil|ilionii' arid. | 


Vrllow. 


Fasl ^rllow.' 


j •I'lirlnutinr. 


Mixliin-c Ilf llii* Nalinni sallh of 
niiiidiai)!oh(>iMiildL«iil|i]ionii , inouo- 
Md{iluiiii(.'. and auiiiliHixulnlnoldi- 
Mil|iliiinic ai’iilK. 

Siidtnin Milt ol dii)Iii*u>I-|«w«il|>>>'»’ 
aiir iitid nr nl axii-diii.\\ liirtnnc 
and. 


Theiisnal proportioiiB that we liavo found to yiHd Buit- 
ablo solutions far writing inks an* about i gramme in 50 
to 80 c.e. of water, fuccording to the tinctorial iwwer of 
the parWciilar dye-styff. The iiiks lbu» made a#e ve^ 
fluid, and in lihiy respect particularly suitable for stylo- 
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graj>l)ic mid otlioif deseri]itiou' of fnintain pens. If a 
fiiiitable dyc-stufTbt* uw*d there bi* no pw‘ci])itation, and 
therefore no KiiR])eii>ion of parlicl^ in the liquid. 'Hi^re 
ifl, therefore.* no need to add to inks of this description ; 
.indeed, swell an addition would tend to counteract one of 
their most valuable iiroperlies — their llnidity. It is neces- 
sary to mention this jioint, liecause we have found many 
]mblislief.l forninhe for aniline inks in which sn^ar or gum 
is erroneously included as a necess.m*y coiif/itiieut. 

Patent Coloured Inks.— 7A7////', in his [intent (No. 
1 1,474, 1846). claimed iht* use of inks containing “ soluble 
Ih iisbiaii blue," pnqiared in a ‘<|n*cilh‘d manner, and of a 
nsl ink pivpared fmm cochineal. A lake of cocliim'al 
extract and alum dissolved in aninionia solnfion was also 
claimed by /(Win 1S85 (Kng. I’at.. No. 1676). 

The use of aniline dvi‘s u.'ls lirst claimed in this country 
by fVnriii j80i (Kng. Pat., .\o. JyyJ), and in the following 
}<‘nr by (Kng. Pat., No. O75. 1.862 ). Pigments 

from aniline waste were proposed a*, the source of writing 
inks by (!• h( 7 tVe (Eng. l*at., No. 2235. 1 802), whilst 
aniline dye-stuffs weiv again jiatenled by -hjfii'hs in 1879 
(Eng. Pat., No. 330U. for other patents in which 
colouivd pigments aiv claimed see InU, Sfimim- 

tlii‘fn‘ JnL ai\(\ Inh Poinh 
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K.\.\.MIX.\TI(»N 0|.' WlllTINCJ INKS. 

• 

< Msri.M'.s.— Kliililily (il ink— ninnif>1i imiimt— 
f*lirkiiii-h ol miliii^— ol riiiiiiiim’iiil ink- - 
N-lilnttia iin<] NciimaiinV MiijM- ichl -Aiitlit\, swiion mi Mii‘l 
1 H-II- Siiiliilit\ on kii-iniia - Exainmation of handwriting 
olil i«nwi-rn|it- I’iiliiiiii-cMs— Forged handwriting - 
l'•ll•)ll Inna nai'iit- l>ilhTi‘iiti:ilitiniil uritiiiu iloiio uilli ({iIIi‘MiI 
ink- l'lio(o|'in|iliic iiii'thoil— Mil liiiiiioni i‘ni-inv -Oii'inical 
rciiiiival ot uni Ilia Ih-triirlion ol Mxina \)tl‘nltion^ ami 
.iilililidiis .o uritiiia— i’liotnanipliK' (tiMiiiHioii Mnirii ilif> 
tcrml inks 

Till-: iiniiilier of siibstiinces into the com]witioii 

of ink is votn largo : Imt siner the iiillueueo of many of 
tl'.eso on the ]iermanpiioy of the wriling is nnknown. a full 
ar.nlysis of an ink would not afford much information, at 
any rate as compared wifh the ivsnlts of practieui f(‘sts. 

i)ne of the rules of Die (lemian Vnsiu-li'niinl is that an 
ink tor documentary pnr])OseH slmll eoiilnin a certain miui- 
iiiiiin in'Ojiortionof tannic or gallic acids di'rived from galls 
(y yi/f- Uifru). It has, however, been shown conclusively by 
St‘htn(lii/ (fjn/ who snbniitted Bain])les of dif- 

feii-nt inks to tft^ oflice for exaniinal ion, that t lie chemical 
tests employed are ((uite iucnpahle of identifying an ink 
prei)an‘d fe.//., from chestnut bark), and they therefore 
contenfl tliat an ink prepared from tannic or gallic acid 
derived from any source should lx* permitted in inks of 
(’lass I. , * • 

The requirements of a good ink are; (i) It must yirtd 
pennaueflt wntin J which becomes black within the course 
of a few days ^ (2) It must flow readiiy from the i>en, and 
iwietrnte well int<>the fibres of the jiapor, without passing 
right jh rough the jiaper ; (3) It must not geln^nise pr 
become mcinldj' in the iifk-pots ; (4) It should hare a 
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ininimum corrosive option upon stoel pfos ; i 5) The writing 
imiist not be sticky (except in the case of some copying 
inks). , 

Fluidity Ink, — Srhliilfuf tnul SnumtiQi recomniend 
Ibeir strij)e test (p. 121) ns a means of (h'temiiiiing the 
capacity of an ink to How readily from the pen without 
spi-oadbig too freely on the i)a}»er. At the point where the 
glass ])i])etto i ouches the ])ai)er in their test, an oval liead 
to the stripe is foimed, whilst the remainder, of tl^.e stripe 
is nearly as wide. Of 81 inks examined by Mil lift in and 
AV/' the majority gave the wme results as the typical 
ink, whilst the co]>ying inks yieldcsl somewhat narrower 
stri])es. Inks Howiug too madily, however, produced a 
much wider head, whilst the lower ])art of the striiio was 
contracted lo a narrower band than the otlu-rs. 

We havefoiind a simple viscosimeter, consisl Ing of a 50C.C. 
pipette to give concordant wsults when list'd in the follow- 
ing manner. The pipette is standardis'd on dist il led water 
at 15.5 C\. the time mpiired for the licpiid to run dov/n to 
a given markon the lower stem being taken as 11 11 if if. The 
ink is then bronght to the same temperature, and the time 
taken for the same volume to run out determined in the 
same wa\. Thus, in a pipette from M’hich the water ran 
ont in 40 seconds, we found that different writing inks 
required from 42 to 55 seconds, whilst copying inks in some 
cases required 70 seconds. 

Penetration through Paper.— This is best determined 
by a pra(?tical test on standard paper, under the same con- 
ditions as used with the l}q»ieal siauuai^ ink. The ink 
should jieuetrate into the fibres, but snoiild not coinu 
through the paper. 

Stickiness of Writing. — ^Here, again, the l)est resnlts 
are obtained by comjMirisoii with a tyjncal ink, as recom- 
mended by MiJiiffln and Nnnuaini. 7^ * 

Composition of Commercial Inks.-~Thp following table 
gives the results of partial analyses of Cfirtnhi well-known 
commercial inks, it will be seen that the blne-black inks 
of the three different maniifactnrers are '.ery similar in 
character. 
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A qiinliTativo test that souielinies enables one to dis- 
tiiigiiiHli between inks of dittei'eiit makers is theii* behaviour 
on litralioii willi a saturated solution of broniiiie water. 
Tims, tile blue-black ink I. l)ecanie first diHy grey, and 
then greyish-black ; whilst No. II. fii*st cliaiiged to violet 
and became turbid bi’own on the. further {ulditioii of the 
reagent; and No. 111 . first became violet and then dirty 
green, the liquid roniaiiiing clear all the time. I’liis last 
ink wa.s also charact«*riseil by the ash Iwing very diflicnlt 
to burn white, and being then extremely insoluble in 
hydrochloric acid. 

Tlie jiresence 0f logwood in an ink is readily identified 
by the colour changing to bright red on the addition of 
hydrochloric acid (see ]). 104). When indigo is also 
present the' Imlrbchloric acid gives a ])iir])le colora- 
tion. ^ 

indigo increases the stability of an ink towairis bleachiug 
agents such as bromine water. An ordiiiary iron gall ink 
is raptdly decolorised on tlie addition of strong hydro- 
chloric acid, but if indigo *be present tho li(|uid remains 
blue, evan afler bring boiled with the rrtigc'nt. 

Sohluttig and IJeumanJs Stripe Test. — For comjiari^n 
in their colorSnetric method, Mihitfifi and Xihuwhh make 
nee of a standard ink containing* the following con* 
stituente: — (lallo^nnic noid, 23.4 grms. ; gallic acid, 7.7 
grms.t gum, 10 grvs.; hydrochloric acid, 2,5 gMfis. ; and 
ferrous snlf>hf)^e, 30 grms. in a litre of water. After 
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staniliu^' for not than four ^ays, {IiIb ink Is decanted 
and ki'i)t in a well-corked Lottie. . 

, In testing an unknown ink, id to '15 c.c. are cnnipare /1 
with the standard ink' and should th<*re be a diirercuce in 
shade a small quantity of one or more suitable aniline dye- 
stnlls is added to the standard, so us to make the colours 
match. 

'Phe ap]jaratn8 required consists of a fmine ov(‘r which 
is tightly Wretched a pi(*ce of best n riting j.)u|)er. This 
irainc W fixed at an angle of 45 , imd the nnknowh ink is 
allowed to run down tins fnmi a(q)rpial |»i])ette delivering 
t’xaetly 0.6 c.c. A .siinihir stain is made with the ink after 
dihitiuji with an equal quantity of wator, and also with the 
standaiil ink before and after dilution. 

When the ink is dry tlie pajH^r is set nside'iu a iihice 
e\’j)ose(l to light and air, and after eight days the .stains 
are eompan-d w'ith the standard .jtaiiis with reganl to their 
colour, whilst their sliajie abo gives an idea oi tin* llnidity 
<if the ofiginal ink. The pajMW is also to Is* cut in stri))R 
liorizontally and one ])iecc iiuiiier.se(l in water, anothcT in 
alcohol of 85 per c<*nt. strength, and a third in alcohol 50 
per cent, strength for .several days. If the stri])c of any 
liailieuiar ink becomes paler than tlmt of the typical ink 
under these conditions. Mtli'ltiii Stutmuin conclude 
that tin* former is either too poor in gallic or tannic acid, 
or contains too much acid. , 

The objects of repeating the test after dilution are that 
the added nnilim* colours have less disturbing inlliicnce in 
the diluted ink, that differences of iiitt^jsity aVe more pro- 
nounced, and that difljTenc<‘s in the breaftthof the stripes 
given by copying inks are i'(.‘dnced t-o a minininm. 

iSr///?g//y and inmniu do not contend that all inks must 
have the composition of their t)]jical ])re])aratirti, but. 
assert that wliile coutainitlg at'leasi 0.6 cent, of iron, 
t hey must give ec^ially satisfactorv' results in the diil’eront 
t^-sts. 

Ill place of the .somewhat coiJijiiiwii.eti «|»paraiiiH diwised 
by and Sihiunin, we have found *that sheets of 

Hristol board placeil on a wooden .^taiiA fixed nt «u angle 
of, 45 give satisfactorv and concon^int results yi this 
test; 
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Acidity : Aotiq^ oiy Steel Fentf— It Ih not an easy 
matter to daicrmiiic^the miionut of free acid in an ink by 
titration on acg)unt of iiic colour of the injc itself niaskinf( 
till* cliauf»(.‘ pf colour of the indicator, ^t is possible, 
however, to obtain approximately correct, results l)y 
diliitinjr the ink witli a very larjre volume of water and 
tit rati II ^titli standard alkali, using jdieiiol-pliilialein as 
indicator. Tims in the case of a well-known blue-black 
ink w(; fouud that tin* acidity of lo c.c. of the ink corre- 
sjiuudeJ to 3.1 c.c. of normal alkali. * 

Allot lier ])ractical tesffis to immerse a steel ])en in the 
ink for a given piu'iod, and to del ermine ih(‘ loss in W'eight. 
Thus in tlie case of the ink referied to above we found 
that a p(y ]iad lost 5.1.S ])ermit. of its weight aft er being 
kept in 10 cc. of the ink fur a month, whilst the ink 
its(‘ir Inn I iH'Come nearl i solid. 

It is (Ill's evident that the contention of Sr/tfitffin and 
XftiHifhtH * that free acid does not act upon metals in the 
]»rt‘sence of tannin is not justified hy the resiiltr of e-\- 
[lerimeiits. 

Svlilhihtf and ymmaini consider that it is not possible 
to n.'v a maximuin amount of acidity. They recciinmeiid 
their stripe test us the best means of detemiining whether 
toc» much acid is ]»reseiit, since ink darkens nioiv slowly 
die gftater the proportion of acid. Thus, if the stripes 
lire as intense i^blai’k in as short a time as those given by 
their standard ink. tlioy consider the amount of acid us 
not TOO great. 

I Stability oik keeping.— A good ink will fi-equently 
Keeji ns long as a ^ear without throwing down any in- 
soluble deposit on the sides of a vessel provided air be 
excluded. At the same time, if a sample bottle contain 
some’deiiosit, the ink is not necessarily of bad (|nality, 
since this may be due to changes of temperature. Should 
there be a i»ellide, liowever, in a saiftph' bottle the ink 
shonld be reMect;;d as inft’rior. 

Seliliiffif/ and I^^nimunn have devised the follow ing test 
for determining the stability of an ilik in a comparatively 
short time: The*liot.tle containing the ink is allowed to 
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stand for three days |it. a feinpei^atnre, of lO' to 15' C., 
aVter wliicli 50 c.c. are wiihdnnt'u from tlii" centre by 
ipeans of a pipeljte without shaking tKe contents. This hi 
filtered and 35 ,c.c. of llie filtrate phh^'d in a cylindrical 
glass vessel about 1S5 nini. high and 72 nitn. in diameter, 
the mouth of wliicli is then covered with j)aper to exclude 
dust. 

Mfhfl/iff and XtthiutDn's typical ink when tlms tested 
remained ifnclianged for three weeks, ntllerw}iii*h a jiellicle 
bi‘gan tb form on the surface, and small Hecks to sejinrate 
out. This ink was obvioiisly pilfer than ordinary com- 
mercial inks, many of which, however, remained niiclianged 
for fourteen days or longer, and iu M/c/Zo/ and Xfn- 
/fO'My/s opinion this period should be fixed as the minimum 
kep])ing time for an ink of the first class iinfier thes(‘ 
conditions. *« 


os lhMmi{ms(i. 

Old ManuBoript8.~\Vp have alivady |)oinled out that, 
although ill many aiicitmt manuscripts the writing is as 
distinct as when first writ ten, there ai’e also immeroiis 
case.s in which flie cliaracfers have faded losnch an extent 
as to 1)6 aliiio.st illegible. 

Nainenuis methods have been snggestiifl for restoring 
the intensity of the original writing, but many of these 
are open to tlie objection Uiat they injure the surface of 
the material. * » 

The oldest and best known of these methods was to 
B])onge the writing with an infusion of galls, the tannin 
of which would once more coiiilune with the iron left in 
tlie paper, thus forming a fresh ink. This method was 
described in the book of Vdiknvfiirim in 1O60. 

A much moil* I’rtiable methwl w'as that lirst juKiposed 
by in lyH;, which was Uiscd on the fonnation of 

a blue compouud by the action of a solution of ])otQSsium 
Ferrocyanide and dilufe liydrodiloric acid onrthe residual 
iron in the ]ini)er. This affords an eai^ means of dis- 
bingiiishiAf; between carbon inks and ijsou {pll inks^ and 
Blwjtff u was thus aide to show tflai the writ^ig'on certain 
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Tlliini inannsuriptf of ninth an| 'fifteenth centuries 
lousisted of jron ink. ' 

, Lrn/irrn method oT ai^ilyiiijj this j)i*ont*%s of restoration 
s to immerse the pJlfler for a few sl^nds one percent. 
Hire hydrocliloric acid, and to allow it to dry RpontaneouRjj'. 
The wrilin;? is then dusted over with jwwdered potassium 
errocyaiiidi*, and covered with a jjlass ]»Iate on which is 
ihiced a weight. After being left for a few hours the 
ia])Br is th(y;oiighly dried, and the excess of ferrocyauide 
vinoved liy means of a soft brush. * 

A more modern and •less drastic method is to U8(‘ a 
solution of ammonium hydroRulphide, which ia applied 
:or a few seconds until the writing becomes darker, and 
s then sponged off as rapidly a.s ji'issible after the desii-ed 
effect is mi&iued. 

Ill this method the basic ferric salt into which the ink 
n the ])aper had decomposed is converted into the black 
ferrous sulphide. Writing thns rcbtored may speedily be 
'eoxidised so as to nearly disappear again, and thi method 
7au only he regaixled as a temporary expedient. Lra/n'r * 
lias desist'd the following meaiiR of kwping writing thuR 
I'estoix'd for a longer ])eri(Hl : The dampi'd pa]H.>r is sup- 
i)0rtt‘d on a frame of threads fixed half way np in a 
dinllow box (four inches deep), whilst ammonium sub 
pliide 's placed in a small dish beneath. The box is 
jloaod by a gla^ cover, and after a short time the vapours 
jf ainmoiiiuni sulphide act on the writing, which becomes 
fii'st brown and then black, and ri'taiiis ite intensity so 
lontflTs the maan.'Hjript is left in the box. 

PalimpsostsS-The name jvilmjaunf is derived from 
the Greek words irnA/r ^ again, and Tmarw: = rubbed. 
It is applied to old manuscripts, the parchment of which 
had Been previously used for a similar puriiose. This 
practice was doubtless dife to* the cost of new material. 
The first writing on the skins was obMtorated by mews 
of pumice m* some oth'A' abrading Rulistaiice, but the 
mechanical obtion was insufficient to remove characters, 
possibly written three or four ci'utn^eB earlier. In cases 
where the iron ccfiistitueiit of the ink had sunk deeply into 

7 >(V TtHth Fnbrikathii, ]i 144. 
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th(‘. vellnin, it wouldi ho almost, ^nipos^ihle completely to 
♦'■limiuale it, and the nso of the loagonts dejipribod above 
;\-onld reveal tly* orijrinal charactl*rs. ’ 

Month's* -'i’iiis consisls soffoiiiiif' the skin 

b^ leii\in«{ it in distilled water, then treatinjj it with aione 
per cent, solution of oxalic acid to bring the residual iron 
in the paper into a soluble sUt^*, again rinsing it in water 
anrl iinniersing it in a one pcT cent, suliition of gullicacid, 
nhieh wilf .again form ink with the iron. ^J’inally, the 
parchnTent is washed in water .and prt‘.s.sed betwerti blot- 
ting pajier. Oarc ninst l)e tak»‘*. h) avoid .an exee-SN of 
oxjilic acid, which might completely destroy the writiny, 
and the method has tin* further drawback that the parch- 
ment is somelitnes blackemsl all .over by the gallic sicid. 

Ltuht't' advocates extmsiiig the p.arehment tb ^team :ind 
then to acetic acid vapours before applying the gallic 
acid. 

It in.ay also be noted hen* that pliologrfi])hy alfords a 
ready and mo4 eflieient means of deciphering such pnrti- 
.ally obliter.ated writing, the jmle yellow colour of tin* iron 
oxide from the old ink appearing bl.ick in a photographic 
copy. 

FolOiKli fi.\MmUlTl.N(i. 

The police imports abundantly prove that tin* cihne of 
forgery frecjoently engages the attention of onr magis- 
trates. This is not surprising when w'e ri'member that 
the means are in the hands of everyone, and that bankers’ 
che(pin.s are a common niedium of exihange. TIu .isnal 
evidence called by the ])ros(>cation is timt of the IiJind- 
wi'iting expert, who b<ases his opinion on the form and 
]]eciili.arities of the caligraphy. We are imimed to think 
that much more stress might in many aises be, laid n])on 
the chemical as|)ect of the rjufstion. Whnl wv mean is 
tliat in a c.ase wh*re additional Icttc'rsor figures hpve been 
added to, P.ay, a banter’s draft, *it would be (•omparativel\ 
easy to awertain whether the interjmlatf'd (^laraclcrs hiad 
or had not been w^ritteii witli the same iul^ as that used 
for the bodj of the document. When there is ai^' objec- 
tion to Ringing chemical roagents in contact wi|.h the 
original i).a])er. the camera can ’be employed "in the. wa\ 
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first bronglit into nj-fniuiiviirt' hy Hr JpwticIi, which 
we (lescril)o at length in ji siibserjiienii ])age. 

. Bleaching A^ontB*—Jc is po«.wI>le ij) remove conijilelel vi 
all tniceR of an ink bliSin (not cont-afuing cirbou) Ity the 
use of siiitabfp bleaching reagents, among which may ly 
mentioned solntiona of chlorim*, In'omine, acidified bleach- 
ing powder, &c. 

Tntilf, ill till* course of his research into the ])eriiianeney 
of inks, lesiyi) the t'ffect of various ivagiMi Is on ifie writing 
done with ordinary iron gall ink, and classified tlimii into 
the following groups: — 

1 . T/iin' voinplvji lji fjl'nnitii flir tcrifini/: 

Solutions of elilorim* rcliloride of lium with weak acid ; 
.‘intinioiiyj[hl(H'ide ; dilute nym ; and oxalic aeid 
IJ. ■ rjliiciiitf fhc ii‘t‘tfuuf to o httyr i\rfi‘nt : 

Dilute nitric, siil])liuric, a id hydrochloric acids. 

ITl. Tlfost' rrinfn'ii(f( thr itrtftm/ fnuit : 

Solutions of |iutassiiiiu and sodium hydroxides and 
.immoiiia. 

To the lirst group we may add the following sub- 
stances : Ilromlne, sulphur dioxide, sodium nitrite wikli 
liulroclilm'ic acid, and citric acid; w'hiUt liydrogen per- 
oxide solution and po(a.ssiuiu bihiilphale speedily render 
the writing very faint. 

.\s 1ia-> been already mentioned, tin* addition of indigo 
to iron gall ink^reuders it much more resistant to the 
action (»f these reagents. 

Difibrontiation of Writing done with Differont Inks.— 
If wiflllig from vailoiis sources bo sulijift-ed to a system- 
atic series of tesrs differences in that done with different- 
inks, or even at dillereiit priods, will generally be 
observed. For instance, in the ca.se of tJie reagents used 
by 7Vff/7/ fifty envelopes were tested, and tlie 

w-riting on no two oftiieiii*gave^deiilical results. 

Rohrt^ni ood Ifopnifun * einploi i^l the following 
reagents for ilistmguishiifg between writing done with 
different ki mil of Tiik. in each can- a feather wAs dipped 
ill the reagent *nd a note taken of .ony^cliangt* ocenrring at 
the jnnotion of tlilink and paper. 


KI^hT. i/m' I'lii^niwr tTimtkrr. p 591 S 
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In Fig. 29 we &ho^ tlie mRiiltH of t^iiig the writing 
done with different covimer«{a1 inks with certain hleacliing 
reacents. * 

Obviously thesS testi^an only belotflced u^'on us typical 
examples, for ntnneroiis other substances are added to 
modern inks, and each of thesis may play a part in 
modifying the reaction given by any ^larticnlar rt^ageut. 

For the detection of forgeries in docninenta (^fieraUier 
recommended j^he following systematic scries of tests : (i ) 
K»iminath)ii of the surface of the paper with a maf^aify- 
ing ghiss; (2) truar.m(>rit with distilled water; with 
alcohol; (4) with blue aild red litmus; and (5) with 
various chemical reagents. 

i. The colour of the ink is uot(‘d and auy irregularities 
in tile e(lge}^*of the charnoters. If there has be(‘n any 
mechanieul treatment the jiapevmay appear tliinuer in 
some places than in others. 

ii. Water may be absorbed more rapidly by oiu* part 
ilian another. 

iii. The object of the alcohol test is to delect removal of 
the size in the treatment which removed the writing. 
The writing on the rubbed part- spreatls out more and 
p.nietiates into the pajier. )Skilfnl forgtuv haveemjdoyed 
rosin and glue to rustoi'e the surface of the ])aper. To 
detect tills the paiier is first treated with hot water and 
.then with alcohol. ^ 

iv. The moistened dociiuiunt is placed iM^tween sheets of 
bluH or ivd litmus on which is placed a weight, and a note 
taken of any chai]|g^ in colour aud wliether it is uniform. 

V. The writing is moistened and treated with various 
intensifying reagents such as gallic acid, potassium ferni- 
cyanide, alkidi sulphide, or hydrogen sulpliide, the treat- 
meut If'iiig reiieuted after, twenty-four hours. Some- 
times prior writing apiieara after 'the lapse of ten to tliirty 
days. 

C/u'rallirr and advocate the use of,iodin*e 

vapour a] iptied t() tliT* moistened paper, a blue spot appear- 
ing where the sijjing has Ix^eu erased, whAst the remainder 
of the sierface becoiTles brown. 

^ 1832. xliv. 131. 

t /(«*. n / , |». fioo. 
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The spotH arotlien l)est treateij with snl]»]iiip dioxide 
solution, then with a 3 per cent., wjliitioii of hydrogen 
peroxide, and lastly with aitnnonia. Aft(‘r removal of 
tlie exoesK the last reagent tannin may be iiised to 
render any cliaracters darker and more visible. 

Dotasaiuin iluoride does not act upon indigo or aniline 
blue ; bnt if charactera matle with JVusflian I due be moifi- 
tened with the solution and steam passed over them, white 
Hecks appear. ^ 

Itiotographio Methods.— During the last hlel\(* years 
oonshlorableatteutiou has beei.' directed, esp(‘cially on the 
Continent . to the applieation ol the camera to t he detection 
of alterations in nianuscri|)tK and printed mutter, 'i'he 
chief ailvantaget! of jdiotographic imdhods over chemi- 
cal tests, if (■(jually ellicient, are that tiie document 
under examination is not allected in any way. and that 
details can Ik* niagniiiedto any re«jnirt'd extent for closer 
examination. The latter consi(h'ratiou is of s])ecial ini- 
()ortaiice in cases where a d^KJunieiit forms the subj<*ct of 
inquiry before a court of law, and where it is necessaiy to 
denionstrate its characteristics to a jmlgo and jury. 

MirhuKknl KnihUir. have pn^viously noted that 
any obliterat ion of writing by mechanical means can 
almost invariably be deti*cted by the eye. owing to the 
greater transiiarency of that iwrtion of the paper. 
Such thinning of the ])aper would be detect eil still 
more 'jurely by pliotograpliing it by transmitted light, 
tlie local injury ap)jearing on the negative as a blot of 
greater density. If photographed in dirt*t’t light the 
abrasion would probably not be a]>]^areiil. If, on the, 
other hand, the light were allowed to fall oblitpiely 
upon it, the roughened tibn*s would ytand out distinctly 
unless some specwl means Jiad been wloided lor con- 
cealing tlie injury (r/V/e supiv). 

JUinmil uj' The- slight yellow 

sfaiu wjiicli is usually tlie etibet of reino'/ing writing by 
the ujiplication of chemical reagents,' though hardly 
notic<*able to tho'- naked eye, will bo accentuated in the 
photograjdiio negative. 

, /ffthri-liui} uf iSV;/ ////.— When 

moved by mechanical or chbipical yiei^n&, tlu* size or 
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otlier dreSHiu^ on tlA% pa#er may Ife BiinnltaiieouRly • 
removed. 'Phis agaiif woii|l oRen be invisible to the 
eye, but would hr really revealed Ity tb^ camera, for 
any ink marks qu the rough places would "spread to a 
certain ertent over the now unsbielded tibres of the ' 
paper. An enlargement of a few diameters only would 
render manifest, the rough edges of the linos. 

Alfn'tUwii'ntml JfMHwns fn Writinij. — It is not diffi- 
cult for a,8kilfcil forger to alter letters or figure's as 
to deceive the easiial obserm*. Thus a o might bo 
turned inlo a 6 or (j, or t.fe woi-d ‘‘eight’' changed to 
“eighty.” These alterations would be detected by a 
phot ogra])hic enlargement. 

Pliof^HfrnpJi^u JJLsIiiirfioa hi mm Dijft'rnti Inh . — 
Jemrirh * was the first to assert that inks apparently black 
were really brown, blue, or red in tint, when drj- u|)on 
the [Miper ; and that siicli ditreriiiices were ch'arly shown in 
an ordinary photographic negative, and still moie so in 
one taken by the isochroinatic method. This stati'meut 
has been repeated by Minorlri,^ and (tuoted in ditferejit 
journals. 

We have made ex])erimentR as to this point, writing a 
series of words with ditrorent commercial inks. I fiffereuces 
of iuteusity were distinctly visible to the eye, and the 
photograph taken on an ordinaiy^ plate by daylight revealed 
no more. 

We have also photographed the same writing with a 
t’adett spectrum plate and “ Aksoliitus ’’ screen, without 
attaining any differtmt eilect. It is evident that this 
method, even if it yield good n*sults in particular cases, 
is not generally iiiiplicable. 

•Vfwrw. //<»//. , 

I /Ml, diiht /’’n/iH/nif. Jtuhf/iM, igoo, \ii. jig. 



SECTION II. 

PRINTING INKS. 

ClIAITKI? VJll. 

KAIM.V ^f^;T^IOI)S OF MANTFACTI lfK. 

CoNTHM'^ llwfiiriml— (.'hiiia (JmHf anil Ki.ini* Kimlaiul 
--Karl\ prinliMl iMhiks— Karl\ nii-thoiUol nannilaHiirc -Frili'l’' 
iiu'llmilol nuikinsj ink— UHim *. mHhnil Sa\.isii’'' inrlhiMl nl 
iiininifachiM'— iMiHi(>rii iiidliiHU nf pri']Hirni^ ink. 

Historical. — (Htiwi, — A work which is said to have been 
written during' the reipfii of IH/ intiif/, about J 2 (X' ikC., 
makes mention of the blackening of engraved chai-act^rs, 
but it does not seem to Ije clear whether this rclers to 
inscriptions on stone which would be thus rendered more 
legible— -a methoil still in use by monipnental masons— or. 
to blocks to be afterwards used to yield impressions upon 
another surface. It seems certain, howev(‘r, that a primi- 
tive mode of printing was known by the Chinese as early as 
50 hut that not ranch adv.am*e wjls made until the 
reign of 927 a.d., when certain volumes were 

printed froin stone blocks for the^ Imperial College at 
?ekin. In this early exam]>le of the print »‘rV'. art. the 
cimracters weiv cat into the snrfaco of the stone, so that 
when printed .they would ap])par white ow a black 
ground. Shortly afterward^' engraved blocks of wood, 
with the letters in relief, were used for another edition of 
the same work.'’ In the ehwenth conturj an ingenions 
Chinese block was made, with cut or moulded jliaracters 
in cnhjs of ]K)rcelain, and these, .after being baked to 
harden them, wore ])re88ed into a block of cement so that 
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they could be priiitec^ froinj The JMtliod was uot fol- 
lowed up. . j 

'I'he adoption of movable' typt's in China, was rendered 
ditiicult for the n‘asoii*that in the Oainesejaiiguage the 
words caiiiiut be resolved into the letters of an alphabet, 
l^ach word reciuires a 8ei)uiaie character, and as there are 
about (So, 000 of them, of whicli, however, only 14,000 to 
15,000 are in common nse, the Chmese printer must bo a 
man of except ^ual agility. Neveitheless, a large' niimbi r 
of Uwks dud iieriodicals are now printi'd in China, "it is 
obvious that the (Miineae had only to add varnish to ll e 
bhick pigment familiar to ‘them iu order to comiwiiud a 
good ju'iuliug ink. 

(fi'vt'vi' uhtf Jloinv. — Although both the Grt'eks and 
iiomaiis weic acijiiaint(‘d with the aiii of eiigranng on 
metals at a very early |Kjriod. tliei-e is no trace of any 
attempt lieiiig made to transfer designs so cut to other 
8iib.sUniC(‘B, if we ^•\ce]lt certain stumps which were 
cmployj'd to mark bricks and articles of i>otteiy. There 
wa.s no inducement to stimulutiiig invention in thisdin^c- 
tiou wliile slave labour could be em})loyed for writing 
documents, and we can easily imagine that with the decline 
of Rome literature woiihl only be cultivated by the veiy 
few. Hut as soon as papt‘r be^ii to be known, and was 
recognised as a uui(]ue matenal for etustolai'y corres- 
|)omlence,%iid for j he making of books, the minds of many 
must have instinctively turned to the possibility of 
multiplying co])ies by an engraved BUTfuoe, and an impres- 
idon-f'i vhi^' wodimn. 

JUiKjliiml. - ( 'iwfoii caiiK* to Knglaud and set up a press 
in Westminster about A.n. 1477 (the exact date has uot 
been ascertuinabli*), but the first papier mill was not estab- 
lished ib England until 1498. The printing press was 
bherefore ready nearly twenty years befon.^ the means ex- 
isted in this conntry of supplying it with itg first n‘(|uisite. 
But in Italy anckiermany jia^er mills were at work in tlfe 
thirteenth bentufy, Und in France, Kwitzerland, and A nstria 
in the fourteenth. printingwid papermaking 

uaturollj reacted ufxm one another for the advantage of 
sacli, ajid the Chines^ are believed to be the firsir natioi\ 
which benefit(ti Jiyjbheir paftnei'ship. 
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Early Printed . pooka.— Muuy exainplpB of early pnnting 
can be seen in tlib galleries tlie' ilritiHh Mnseum ; and 
it is interesting to examine* the s])eciinenB displayed in 
cases ill the Jung’s library there, ill only tiO note the manner 
in which they have, with very few (‘xi‘t*plious, preservotl 
their jiristine apjiearance. 

HM, Bouh . — Beginning with the hloeh books, 
books in which both cuts and letieqn'ess were cut on solid 
wood blocks, we find that tlie earliest l)eara the date 1470, 
aiK^vt* l<'am from tin* catalogue tliat'Mh’e long-aca^pied 
belief that letter-])rinting from the pnlid block was 
necessarily prior to that front miwable types, and must 
therefore Imve been introduced by about 1440, is now 
seriously challenged.” 

ITie block book was only used for wfirktu of a })opiilar 
chwacter, and answered the purpose of tlie modern 
8tercoty])e blcH'k from which a iiumbiT of copies can be 
printed without the necessity of reselling type. These 
early books were ])resiimably printi'd witlioiit the help of 
a press, the impression lM*iug obtained by rublnng the 
back of the slieet whil<* it was in contact with the thinly 
inked block. Only one side of the [>a))er w\as printed, 
the other being left blank. In later examples, how'ever, 
botli sides of tlie paper w’ere printed 011, and it is inter- 
esting to note that the ink ])enetrated sniliciently into 
tlie sabstance of the pa{N*r as to bo distinctly seen through . 
as the i)age lies open in its presiMit situation. 

In Case 1 ., which is devoted to these block liooks, the 
first example exhibited, the imslnctof an unknown printer 
in the Netherlands, shows that an ink* has lieen employed 
wliich was eitlier brown in colour originally, or has faded 
to that hue. The more jirobable explanation is that the 
ink was made of an impure carbon, which would give a 
brown tint. In all the other examples in tlie same case 
the printing ink is of a full lilack, although ..instances 
are not wanting in which for J«ick of libesality on the part 
of the printer it does not present a coifiplete opacity. 

These early works follow the old manusoript model in 
the possession of large ornamental' initials, r<iid other 
adomntf nts which were afterwards added by the “ rubri- 
bator.” In one specimen w^ con note that the capital 
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letter nt the commenceineDtjOf*e?ery swtence lias an up- 
right Ktroke (rf red, \^jiich iias ns obviously been execnteib 
by hand lis has been the I'uafrh colouring pf some of tlie 
]iictare blocks. Tlie sifeeimen referred to is^known as tlie 
42-liue Bible, wiiicli is attributed to the i)refaB of Outen- 
berg at Mainz, about 1455. The red cfdour has ajii^rently' 
much dc‘teriorat»‘d, ami it would be interesting to know 
tlie natiii’e of llie pigment. In another example, tlio 36- 
line Bible, aL(; from Mainz, the r(‘d initials shchv a full 
seai’let. • • • 

flrniiKu liml s. — In t ’ase.V., which is devoted to examples 
of early jn'intiiig from Germany, we find the lirst illustrated 
edition of Virgil, 1502 A.i>., with a preface in which the 
et)in])iler boasts in Latin verae that by the help of the 
pictures the ignorant will be abh* to follow the t(‘xt as 
well as the leariu'd. The illustrations ai*e certainly very 
good, with engraved lines of such fineness that they must 
have retjuired nii ink of fair quality to do them justice. 
There is no tnice of fading in any of these l)Ook.s, nor 
should we expect to find any. Fur carbon is imperisliable 
except by the agency of fire, and, happily, as it is the most 
easily obtained and cheape.st Idack pigment known, it was 
naturally adopted by the first printers. 

In some cases the ink is seen to have “ set ctf " on the 
opposite page, a fault from which modem Ixmks are by no 
means free, showing that the varnish used with the carbon 
was imprn|K'rly jirepared, or that an impure form of 
lamp-black was used. 

Italuni liwiks. -hi (^aae VI.. Italy, 1465-1472 a.d., we 
find specimens of printing which are ver)' brown in tone. 
In one example, esjiocially Ivo. 7, there are two full-page 
line drawings (wood blocks), which apjieor as if printed in 
strong "i-amlykt* brown. Tlje engravings on the hidden 
side of the leaves aiv seen through the jiaper so distinctly 
as togivtf the idea that the ink must have ^contained some 
corrosive iirincijle that all6wed it to eat into the fibres T)r 
the paper.' * 

Dntfk Jiofl!,t^ — ^In C-ase IX., Netheidauds, tliero is a 
specimei. with brdWn ink which compares niifavonrably 
with ^he brilliant b|^k of the ink in other oxVibits in 
close proximity Jw jt. Audher specimen shows the ]iaper 
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yollow mu] soiled, while llv* pript is strong. In this 
example there ai'e FOiiie inajginal notes in a very much 
faded writing ink. It is (piito iiossihhi that the brown 
Hilt ob^erval;'le in (some of thosil' old 'specimens of the 
printer s art is due to the nse of carbon ])repared from the 
soot of bnrning wood, or ])eat. Such a piodiict has long 
linen in use as a brown pigment by water-eoloiir painb'ra 
under the name of Bistre. 

Rakf.v .MKTiions OF Mam’facti hi;. 

The old wall ink (nfr(nin'}U\nii Ar/e/ //////) d(‘seril)ed by 
Jliin/ is the forerunner of onr printing ink, wliieh is essen- 
tially a kind of rapidly drying black paint. 

(Mieol the earliest jiriuted account a we 
manufacture of printing ink is that given liy the Wnetian 
Cttnuqtnriffs* in his Imok on inks jmblished in 1660. 1 1 is 
ink consisted of j lij. of a varnMi of iinsi'ed oil and jnnijier 
gum thoroughly incorporated with i oz. of smoke-black, 
and boiled over a slow fire to the re(|uireil degree of 
eoiisistency. 

Aeconling to the de'-cripliou givm by .\htiui in his 
Mtrhttntrk in 1683, the printing ink then made 

ill Rnglaml was very inferior to the Dutch ink. The 
main (JilFerences were that in the latter only linseed oil 
and little rosin were used, that the oil wps lx‘tteF prepaivd, 
and tliat the varnish was only incorimrattMl with the black 
by the pressmen ininiedial.ely before use ; whereas in the 
mainifacture of th(< Knglish ink much rosin (and fre- 
(jnently train oil) w.m atlded to the linsf*ed oil, which was 
also insiiflicienlly Iwiled, so that the ink was oily and 
separated in the pajier. 

■* M* \lriimrHit*. p. 2(10. 

t .l/r(niM'xnctH.il niinNiin* worth rinotinu, ifonlv on iiii'niint of their 
f|ii liiitiich-^— “ The,]>roviinii!r oi » (;<mh| inek, nr rut her pioil ( .'iriiihli fur 
infk, N iidiu' nl the Ii-sihI iiioiiiiilN>Ma iiimui ifuir inni>ter-priMler, 
I hour'll euiituiii hii'. ulmii>>t iiiiule it xu here in Kii^bliiil ; fur the pr(K-i>>>H 
uf Tllllkili!' iiiek IhMiii;' ie< luilh luljorioiix to the limlv, llr. iiovHoiii U111I 
iiiixnitefiil to tlie M-iieA .1(1(1 hv M'veral oiii] ueeiiieiitx^iitlixenuiH iil liriiii; 
the plitcc it I- iiiiuleiti.otir Kiiiflihli uiiiolcr-priiitflrtilotreiieiiilki iliM'liur'ii 
fhiiiiiM'li(<s rit that troiiMe; niid iiisleui] of hiiviinr itikhI iiiek, eoiifeiit 
tiieiii>-el\c'^ that the\ imv (III inek maker foia'iHMl nick, wliieli tnay ,\et 
Ih' liSltt r or worse aeeonliiiK to the f,th(^iifl-k !iiaki*r." 
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Maimfnrhnr of Dvith Pvnfiti;/ Tid yurM, — A caiil- 
(Imn wjw hrflf iillecL witlijold iiiiwecr oil, covePLul, aiicf 
lioatrd over a brisk iire until the oil builed.t When heated 
to a Hiiflicient ternperafure the oil wa^ fired»several times, 
beinp each time extiu^fuiKhed by means of* the cover until 
(‘ventiially a vamisli of the required eoiisisteiicy was ol> 
taiued, this point Iwinjy determined by coolinjf a few drops 
on an oyster shell and testing it between the iipger and 
timnil). It uai then allowed to cool somewhat, andclarilied 
by Hfjiuvznig it in the hand through linen. 

When rosin was addtHl, it was used in the pro])oi*tiou of 
^ to i lb. to each gallon oi oil. }htm ass?erted tiuit the 
aihlitiion of too mueh ro.sin in.ade the ink become yellow: 
but »SV/vo/» denied this, since in bis experienci* lusin tliick- 
eni‘d the oil. and prevented it separating from the ink and 
spreading ihixmgh the paper.* 

MiKt'on stated that suitable varnish might b(‘ made 
witlionl aetually hunnmj the oil ; but here again 
ex|M‘rience was that, although when linseed oil was Imiled 
until viscous it yielded a clean and workable ink, \et after 
a few days tln‘ oil W‘])arated to some extent and spnad 
tb rough the ])aper. 

SiUVfft' considered that whilst ."strictures on tin* 

hiiiglish press work of the seventeenth century wen* justi- 
fiable, yet comp.'ired with t.he Hnglish ink of the early 
niueteentlT cmitiny this Uia^ted Dutch ink would have 
been regarded as worthless. 

Fortel’s Method of Preparing Ink. — Ffrfrl, u Frencli 
printer of St. Diners, published a work on ])ivssinaiisl]ip 
in 1723, in which ho descrilvd the manufacture of 
printing ink.t 

This was prepared by boating linseed or nut oil in a pot 
with aiP adjustable C(fver until tlio vapours became inflam- 
mable (about 2}. liours), a crust of bi-e.ad King iiiti-odiiced 
to ‘‘witklraw grease from tlio oil," and*reinoved when 
curlwnised. Tl^* ojl was then withdrawn from ^le fire, 
the ])ot nncovoreil, ami the vaiwurs allowed to burn. The 
addition of tifrumitino oil ndvocat-ed byljome printers was 

PrmiMhiiH If Prhtimj Jnk, 1833. p. 2g. 
f Lu timprmtne, St, ()nii*rn. 1723. 
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objected to by on thejgronvd of msiking the ink 
*clog the fiice of the type. 

The varnish, thus ])reiMiP(‘{l was incorporated wil.li smoke- 
black from jiiich relin collected ih a clianibor himg with 
, sheep-skins, the usual ])roportiouR lieiiii; 5 m. to 2 lbs. of 
vaniisli, and the ink groniid ilioronglily anu worked ii])on 
the inking-table. In Suntyrs opinion Ibis pro]iortion of 
lamp-black was too small for a good ink. 

Breton’s Method. — In 1751 IlMon* printer to the 
Kin;i,'*of l^’rance, published an account of a veh simDar 
meiliod of prejiarinj' ]irintirig ►ik. For the manufacture 
of 100 lbs. of varnish iio to' 112 lbs. of nut oil weiv 


heab'd in a closed copper or iron vessel, which was iisiially 
pear-shaped, on a clear tire for about two hours. It was 
then removed and “burnt.” the pmcess b’eAng re])eated 
several times. Finally, it waskaled over a slower lire for 
three hours until of the con.sisl(*ncy of glue, when it wa.s 
strained through linen. TuriXMitine oil mid litharge were 
not re<jommended by Hn'Uni on the ground of their clogging 
the type. 

This “burnt oil " or varnish was thorouglily incor]X)Rited 
by the pressman on the inking-table, with lainji-ljlack in 
tlu‘ proportion of 2), 0/.. to 1 lb. 

Ikdiiu'-i recipe has iM'Conu* a standard one, and wa.s 
copied into the books of different later writers, such as 
Lrnus J'tfpillon, , * 

The metiiod of boiling was substantially identical with 
the Dutch method descrilied by Mn>vn. endorses 

/Av 7 oi<’« condemnation of the use of litharge in tin* pre- 
jmration of the vanii.sli. 

The sixth edition of the Furifdujmlitt Jirihruuhv (1823) 
was apimrently the first to ]mb]ish any substantial differ- 
ence from these early metliods in the manufacture of 
printing ink, the im])rovement being the addition of soap 
to the constitufiits, an addition wliich, though eprobabJy 
w&ll known to certain manufaWiirers, had* been ke])t as a 
trade secret. The effect of the soap was *to cause the ink 


to leave a clean &nd sharp impression op *ihe ^la^ier, to 
prevent the type from becoming cloggM, and tc^ prevent 
t}ie ink Irom “ skinning ” when kop», 

MlnJifjwr. \(ii. 1;. 
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In the JUnnfcJqwfJut recipw the biiMit oil was mixed 
whilst still warai wipi 2 Jbs. of black rosin and i lb; 
of hard soap in slices. In Mtraffl’a o^miiun J;his amount of 
soap is too much, and*woidd be liaUe to make the ink 
daub the type odd produce blurred impressions. 

Savage’s Method of Manufacture. — Tn 1 823 >SVn'r<//r, 
who had studied the mauiifacture of i)riiitiug ink from 
the ])oint (»f view of the practical ]>rinter, published a 
book on the subject, in which he discussed all the ’previous 
methods df manufacture. « ^ 

For the pre|)aration of the vaniish he recommended the 
use of old linseed oil and slack or amber rosin, which was 
melted into the oil at a tem])emtiire of not less than 
306' F., the np])roxiinate melting-point of the rosin. 

Six ((uai*t^ of luiseed oil were heated in a ])ot over a 
brisk lire, and the va])ours testvd with a light from time 
to time. When the (lashes produced became stronger, 
the pot was removed, and the oil bred whilst kept con- 
tinually stirred uitli an iron ladle. 'Hie ilame was extin- 
guished occasionally by placimr the cover over the ]>ot, so 
as to test the oonsisteiiey. When, on cooling, it could be 
drawn into strings about half an inch in length, it was 
judged to be suHiciently burnt for book-work. 

Cai-e was taken to prevent the oil frothing up through 
t(Ki violent heating, and thus running the risk of the 
entire inaBS bni'sting into nncontrollable Ilame. 

After cooling somewhat in the covered vessel the 
“bnmt” oil was mixed with 6 lbs. of rosin gradually 
stirred in, and then with ij lbs. of brown soap in thin 
slices, and was finally heat ed to the boiling-point. 

This varnislj, wliilst still warm, was next poured little 
by little into an «‘arthenware vessel containing 5 oz. of 
PruBsidti blue or indigo, or ^ mixture of these, 4 lbs. of 
mineral lam|y-bluck, and 3I. lbs. of vegetalde black, and 
the who|^ stirred until free from lumps, anjf fiually ground 
in a levigating «nll. •• * 

Modonl Mefthdds of Preparing Printers* *Ink.— 
Although thc» old method of prepariiigr printers' or litho- 
graphic warnisli, bj heating the linseed oil until inflam- 
mable, vapours are gjyen oil, and setting fh*e to Jthese, is 
still in use, it has be'm fotfud that the actual burning olf 
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the oil is not an jndisjien'saUo pajtt of tlie |)rocesB, and 
various other metlioda of thickjiiiijf? *^]ic oil and converting 
it into varuishiare now employed. 

Other ingaxlieiitn are also adiled to the linseed oil 
.varnish in addition to the rosin and soap used in Sartff/i'n 
lime, and this is esiiecially the rase willi the chea])er 
kinds of inks such as are used for newspa])er work. 
Various processes for pre|)aring a black ])igin(‘iit to bo 
used in place of laniji-black have also bee,!i .described in 
]Kilesits taken out during the last thirty years. 



rilAITKIt IX. 

OlAM’KAf TrilK OK VAHNISII. 

I!(iiI(m 1 niN— r-'iriil Ciil — V.irii-tii-' nl lilhi)!>mp1iir 
vjinii'li— Aiiilrt‘V ii]>]hir.itii4^ lor IhiiIiii» ml— Ai>|»:inilii- with 
olfiiiii iiiiil :iir hliist - ISoiliii" with "iiiMThfittril 

Tntltliimil uitli n\\<;<‘u LllionMl oil Mili-titillr . 

Boiled Oils.*— The oils classifieil under the lenn “dryinff 
oils" are dislingiiialied from other oils l)y the greater 
rapidity with which they form a solid varnish on exposnre 
to the air at the ortlinary tein|ienitmv. Stiiotly speaking, 
this diiference is ime of degree rather than of kind, for it 
has been shown that even oils, sindi .as olive and almond 
oils, do event'tiaily dry after the lapse of a long time. 

The ])riiici]»al drving oils are linseed, walnut, henipseed, 
poppyseeil, nigerseed, and the curious tung, or C’hinese 
wood oil. For the charaet eristics and methods of examining 
these oils the reader is referred to works on the analysis 
of oils. Utlier oils, such as cotton-seed ond maixe oils, 
occn|)y an intermediate position between the “drying*’ 
and “noil-drying’' oils, and are usually known as ‘‘semi- 
drying" oils. The drying cajiacity of oils is usually attri- 
buted to the pivseifbeof a considerable amount of the Ihjuid 
fatty acids, linolenic and isolinolenic acids, whilst another 
acid, linolic acid, probably contributes to tin* iirocess. 

irixeil vegetable and animal oils consist in tlie main o1 
comixmiids of glycerin willi saturated and iiiisatiiraied 
fatty acj^ls, the latter ])redominatiug. 'Thus, olive oil con- 
sists principally of u coniiitiind of glycerin and oleic acid, 
()jyII.^()_,;*eott<]lh-pfred oil contains a large propottion of 
glycerides containing linolic acid, whilst linseed 

oil and •other* “ (h'yiiig ” oils are characterised by the 
amount of the still iiu^re nnsatnrated linolenic amji isolino- 
lenic acids, they ®ontaiii. •• 
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liloch of these utisaturaiod fatty nrids and their glycerin 
oompouuds Tglycerides) are capable of entering into com- 
bination witli chlorine, bromine, or iodine, forming satu- 
rated coinpoiynls. Oleic acid, for instance*, yields oleic 
, dibromide. Ciyir^^UrjO.^; liuolic acid gives linolic tetra- 
bromide, fyi^lir^O,; and linohmic acid. Iiuolenic hexa- 
bromide, 0„llj,Hr„();. 

In lik(; manner they are capable of being saturated with 
ox'ygen, and this is jMirt of the change that.ocenrs when a 
film i/t dryingoil hardens inix^ a varnish on exposui-e to the 
air, wliilst the ])rocess can be a jnsiderably accelerated by 
subjecting the oil to a prelinlinary treatment known as 
“ Iwiling." 

Jn this process, the exact nature of which still needs 
elucidation, considerable alteration of the ‘‘raw ” oil takes 
j)Iaee daring the partial oxidation. Such boiled oils were 
at one time j)re]jaivd solely l)y means of heat, but siibse- 
(jnently vari«)iis substances, known as “driei-s," were added 
to accelerat« the oxidation, which was also i)ronioted by 
injecting liot air into the hot Ihjiiid. 

Of the various “driers/* which apjH'ar to acl mainly as 
conveyors of oxygen fi'om the air to the oil, .salts of lead 
and manganesf*, in the proportion of a few poniuls to tho 
ton, have been found tlie most salisfuctory, and are the 
most freijueuUy used. 

'riic varnish used in the niaimfactm;;* of prhiters* ink ■ 
differs from the vanihli used ]>y j)ainters and linoleum 
maiiufactnrcrs in lieing prepared without tlie addition of 
any ‘‘driers” wliatever. It is also as a rule nincli paler 
in colour. 

The appamtus used in the old metluHl of ])()iling oil 
cx)iisi6tKof a kettle, which is heated over# free lire ( Fig. 30). 
Over this is suspended a lid, which can Is* lowered fo close 
tho vessel and im mediately extinguish tliellame.^ when tlie 
evolved vapoum take Tin*. To jirevent frothing, tke iwn is 
only filled to half its ca]jacity \ 9 ith oil. 

Burnt Oil.-- In jireparing oil for tlie manufacture of 
printing iuk, Ihe^ process of oxidation v "carried still 
fiirtlier than in the prooe.ss of boiling. *ln the oh'r process 
of firing^ as dcscrilK'd in the preoyling imges, Um oil 
becohies very dark in colour, and oi>psirejtly undejgoes 
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considerable docom|)opition,, probably atcended with poly- 
merisation siii’iilar t .0 that which o(x:nrs iuthe vnlcanisation 
of oils by means of sulplinr chloride. 



30. FriH'-tin'd {miii foi iMnliii^uii. 

Tht> amount of free acid liberated in the oil dn^n^ the 
proces^is inuoh^'reatS' tliAi in the case of oil that has* 
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bei‘ii ))oiled for a ver)' Iodj# tjme at^a temperature of 260' 
to 300 0. ‘ f , 

I’riiiterE.' varnish tlmapreparc'd has good drying proper- 
ties, and is C(^isiderr.bly denser thaii the i*a\v oil (r/f/r in/nt ) 

Lnls* gives the following details of the modern method 
of boiling oil for litiuigraphic varnish ; Tli^ kettle is filled 
to a])Oiil two-thirds of its capacity with linseed oil that has 
bi.‘en kej|)t. in store for some time. As soon as the water 
has been e.\p(‘lled and the froth of albiiminoiis impurities 
skimKiedoir.thetemperatiiro is raised to about 500— 560' 
and the boiling continued iivtil the r(‘<(iiired degree of 
consist-ency is attained, after wiicli tin* varnish is lid’t to 
cool and settle and decanted into storage tanks. 

'Phe time r(‘(|iiired depends ii])on tint teni]>eratiire of 
boiling and <»n the maturity of the raw linsei^ oil. A high 
temperature acLvlerates tlie convejsiun, but has tin* draw- 
back of produciug a darker product. 

/wrt/s lays considerable stress on tlu' iiii])oi'tance of using 
a well-matured oil. Driide linseed oil immediatel)' after 
eX])re8sion contains impurities which sejKirate out to a 
greater or less extent on standing for a few’ months. If 
such crude oil be iisedfor lK)iling t hen* is much more froth 
and a poorer yield (»f a darker varnish, whilst the time and 
consumption of fuel aie greater. 

The oi’diiiai'y loss ranges from about 3 to 10 per cent., 
according to the maturity of the oil. 

It i.s intere.^'ting to note that the importance ol using an 
old oil in the jirejiaration of the \arnisli was ivcognisod by 
all ilio older writ(*rK from lihi-nni to Snrftf/r. 

Varieties of Lithographic Vamlsh.— Five or six 
varieties (tf litliograpliic vuruisli are in use. ranging in con- 
sistency from a very thin prodiu^t to one of extreme vis- 
cosity. Thes«' are termed, “extra stmiig," “•^*1 rang," 
“middle," "thin,” “tint," and “thin lint," according to 
their degree pf viscasity. Lrih {for. rif.)^ ,wlto has 
thoron^ldy studied the cliemical ehangesitliat take placet 
in tlie conversion of the raw oil tlironj!li flie various inter- 
mediate clianges into “extra strong” vayiiuh, points out 
that the most viscous ])niducts have Tess drying capacity 
than tii<* thinner vnruishe.s, and tlnij, their viscosity,, whicli 

* * .fowrii. Sitr, Chrm, fnd.. i8^. ^iii^2dj. 
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gives tliein ^ater arryinj power as a mediiiiu for pig- 
ments, is tlieir chief recomineiidatiuiL • 

Tin* following I able, a])rMlg«] from that gf /Wa, repre- 
sents some of ili^ clian|[(‘s uiulergone Ijy liiis(*P(l oil in 
this pmeess of boiling, and in the old method of igniting 
the vapours ti jirodnoo ‘•burnt'’ oil. 
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Andros’ Apparatus for Boiling Oil.— This (Fig. 31) 
consists (»f a cylindrical copper kettle, A. to the middle of 
wliich is attached the 
collar h. which sup- 
[lorts it in the furnace. 

The to]) of the vessel 
is boniid by a strong 
iron ring, which are 
attached the cliaiif and 
t.-u-’klc r,thnR enaliling 
the vessel to Is* ra])idly 
withdrawn from •tJic 
fire by means of a 
crane. The lid, Jl, fits 
closely, to the n|)per 
ring, fonning a m-arlv 
air-tight joint, so that 
ilames can be ^imme- 
diately nxtingsished. 

Above tlie I'nrnace is 
fixed a I'ood ]:fr()vil«’d 
with a line to conduct 

away tHie vapfwrs. • AuilnVapimRitiiK 
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It was asserted “by Httrajc, and accepted for long after- 
wards, tliat act iial ignition (»f the vanunrs from the oil was 
essential for the pmdnctiou of a varnish suit aide for 
printing ink. It b now known/ however, that the same 
result can be obtained by boiling tlie oil at a higher tein- 
peratiij'e than in the pn‘paration of oi’dinai'y boiled oil for 
paints. 

Apparatus with Steam Jacket and Air Blast.— A 
pair of steam-lieated kettles, each of wliicb takes a 
chargl^ of alKiiit 350 kilos., is shown in Fig. 32. These 
are txinstnicted with jackets (-/pahle of resisting a pres- 
sure* of .M'veral atniosjilieres. M’he oil is heated by steam 



at about 1 30 (J. or more, under a pressure of four to five 
atinospliere.s, whilst air is bhAvii through until the var- 
nish is of the reijuired consistency. Fach ketthf is 
coveri*d with a donie-sliaped cover, in which is an outlet 
jiijH} for the escaiie of the vapours involved. 'I’he steam 
enters the jackr*t of the \mi b at c', and ])asses 4 hrougli 
e into the jacket of the pan a. At t is a ctick for blowing 
off, which is so regulated that only a litfle sk'am 
escapes, whilst the condensed* .*ater is drawn off through 
the tap at g. - 

Frvtfi'rkintj\ apparatus for boiling oil CArt.lains a steam 
coil, round which has been cast the -10011611 metal form- 
ing tid ])aii. Steam under any, reijiiired ])res 8 ure is 
]ia.<f'ed through the coil, and the contents of the kettle 
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reailiiy raised to teuiprnutnr^ df 350' td 400' without 
dsnpfer. the pressure being solely ou the piping and not on * 
the nielal pan itself. 

An apparatus tlescriBed 
by Andi’a^ contains a cir- 
cular iron pi]ii- Riij)]X)rted 
on the bottom of the vessel, 
and counectiod with bellows 
by means of a vertical IuIm*. 

Air is bloVii into the oil 
through small holes aboiit^ 

0.5 c.in. in diameter in the > 
circular pipe, and the 
lieatod oil kept in motion 
during the tliickening ])ro- 
cess. When cold air is 
blown into tht^ oil the 
temperature is kept below 
2/0 C. to prevent the 
varnish being too dark in 
eolour. 

This consists of a heating 
vessel in which a paddle 
agitator is made to revolve 
"omid a •central sliaft, 
whilst a current olhot air 
enters near the bottom of 
ih(* apparatus. 

Fig. 33 shows another 
apparatus for prejiaring 
varnisli by this method, 
lire air !is driven by means 
of the pump .1, througli 
the coil Jl, and is heated 
to the mpiirod trtuperature ' 
before entering the* oil in 
the vessel tl^rough the 
smidl openings in tlie pipe. 

The garnish piodncfd by this method dries well,' but is 
* ’ Jh i/iw/ ifloi. n. 217 . 
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nsaally somewhafr darker tiian tliat*,pro(lnci‘d by the ordi- 
*iiiU7 method, eB])02ially if the temperatnro >be allowed to 
rise too high. , 

Boiling with Snper-hoated tStoam— A])])aratuB in 
common urp for this purpose consista of a kettle con- 
taining a coil tlirongh which ])aBS('s stoaiii heated to a 
temperature of about 400' C. by being passed through a 
Mipor-heater kept outside the chamber. The kettle is 
provided with a cover which can Ije ensih’ removed by 
me.vv. of a chain and tackle, whilst an exit pi])e in tliis 
cover condnets the escaping va’murs to the ])ottoin of the 
H1lp^heater, whence tliey are ifrawn ii]) into the fire and 
consumed. TTonco the lu'ocess is accompanied by little or 
no smell 

Lithogi'aphic vamisli thus ])repare(l has the drawback 
of being darker in colour than ordinary “ boiled” varnish, 
but, on tlie other liand, the proress is much more rapid. 

Treatment with Oxygon.— Wry pale varnishes are 
obtained by subjecting linseed oil, luxated to a moderate 
temperature, to the adion of ox\gen. Instead of losing 
in weight as in the ordinar}’ lx)iling pi-ocesses, the var- 
nish shows an increase of about 4 per cent, through the 
addition of the oxygen. 

Ln'fh {tor. cif.) found that varnishes thus ])repared were 
free from the brownish-green lluorescence of ordinary 
lithographic varnishes, but that they })OSseRFed a much 
more unpleasant odour. 

In a process protected by Brin’s Oxygen Co." (Eng. 
l^ts., No. 12,652. j88C; and No. 18.638, 1889)0 current 
of pure (90-93 ])ercent.) o-\ygon is passed into tlio space 
above the oil, instead of being blown through it. The 
apparatus used for the purpose consists of a closed 
steam-jacketed pan, in which tlie oil is ke]>t iu motion 
by a revolving agitator. The oxygen is introduced 
when the oil has been heated to nearly lOO' p., and is 
absorbed, at first slowly, and«twenlually Riore rapidly than 
it is supplied. So much heat is produo,^d by the 
reaction tiiat it isu ultimately necessaiy to cool the jacket 
by admitting water into it. 

Linsfc'ed oil varnish prepared by .treatment with oxygen 
differs from the original much more than varnish prepa^ 
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by boiling. '{hnB it contains about ten ^imes as much free, 
acid, and has a considerably higher specific gravity, whilst 
its absori>tion cap^ity iodine is much loVer. 

Li'ftU (hte. rit) gives the following resfilts obtained 
m the aualysi'* of two sani])les of tbe8(> oxidised linseed 
oils. 
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Treatment with Ozone. — it was sliown some years ago 
by MtmUr and J)tnnd'e that a varnish was rapidly pro- 
duced by the action of ozone npon raw linseed oil, which 
was also bleached in the ]irocess. 

A])paratn8 for the puriiose was snbsequeutly i^tentid 
in dorniany by (hv/aiid Co., a cnrreiit of ozone from any 
suitable generator being conducted through the heated 
oil. (lore is needed in this operation to prevent tlie oxido- 
uion proceeding too far, so that a semi-solid caoutchono- 
like mass is obtained. In fact, patents for preparing 
commercial rubber substitutes by the action of ozone 
under pressure njipu linseed and other oils liave been 
token out by Jtm'ubhnu and llitlml (Eng. Pais., No. 9529, 
1897; ^^0* ^4^1 1898). 

Riuimir (Eng. Pat., No. 7242, 1901) has devised a pro- 
cess for making varnish of good drying capacity by heat- 
ing non-drying oils willi ozone in the presence of an 
oxygen-oAduding substance such os platinised asbestos. . 

Mulhel a^id EUctric Erocrsis. — In this piocess, 

patented in Germany (Ger. M., No. 2^,961), the oil is 
treated with a mixture of gases o^^gen with steam, 
or nitrous oxide with air or oxygen) which has been sub- 
jected to the option of'd powerful elecjtric diBcliargewhjlst 
passing through • i series of condensers. The oil is heated 
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. by means of a ^eam coil, the fifaseons mixtore 

enters throngh holes m a small s])iTal in the bottom of the 
tank. The volatile ])Todacts of reaction and the nn- 
nsed gas areMrawifoif by a pump at thfi to]). 

Linseed Oil Substitutes. — Numerous s\ikstances have 
been proposed as substitutes for linseed and other drying 
oils. An ink containing none of the ordinary oil vaniish 
was dejjcribed by Surntfi’ in 1823 (7r«'. r//.), and methods 
of preparing other vamislies of the same kind can Ik? 
found by reference to the j)atent list at the end of this 
hook. One of the most inter^ting of these is a natural 
drying mineral oil, whieh is round in »Iava and known 
commercially as Orisel oil. The us{‘ of this is claimed by 
(Rng. I’ats. No. 24.504. 1897 ; 23/71^ 1898). 



(^UArrEK IX. 

1■]^K1•AJ^ATH^• AND INmilPOlt VTJ(»V OK TIIK l•H^^iKNT. 

<'onti:nT'' Mliii'K lor i^tnliiiu ink — M imIitii !i|»|»aiiilii*. ■ 
Tlii‘iiiU'-' l:iiii|i-l>l!ii k jiini T- rnriinri' lor {iriKlucniK lilai-k 
lioiii pill li OIIh'I 1)1.11 k pi:!ini'iit'> — (‘arl)oii lil.ii ks— l‘iirilir:i- 
tion III liinip-liliii k (‘iiiii|io»ilion III I.iinp-blni-ko -HothodB 
of exuniiiiiiie lamp-blacks and gas-blacks Mixing 
the block and varnish .Mixinti tlio Minii'-h anil l.iinp-lilafk 
— <,iMa(k> iiiiviim iiiachiiii — Witiht ami I'iloiiliTiT'^ iniMim 
iiiarliiiii' Lcliiiiaiiit ^ inixinu iiia< liim* — G-rinding — l.rli- 
muiiu'o uimhIiii!' nla<l|im>^- Marliim’*' l>v Noal. •lii('k.<'oM. Kiim- 
iloii liKliimr.iiilm priiiliuu luk— (' uIIo(\|m> ink. 

Black for Printing Ink.— The nainro and degree of 
purity of tin* black pigment incorjiomtod with tlie vamisli 
is of tlie liigliest iiii[)oi’(aiici*, e.s|)eciidly in Un* cASe of ink 
iiitendeil for (ine-art. printing, since the depth and per- 
manency of tJie tone largely depend on this. Hence many 
printing ink manufactnn'rs preijore their own lani])-])lack 
so ns to have the entire niaiiiifactnre under their contix)}, 
and to 1)0 able to*i)roduce an absolutely iinifonn ])r»dnct. 
Suine of the older methods and apparatus used in the 
])repamii(iii of Iniiitvblack have alri'ady been descriiied in 
cha]). i.. and here*it is only neci'ssary to describe some of 
the more modem ap])aratu 8 . 

]‘’ig. 34 repi'psents a malem apparatus used for tlie 
production of lam])-black from oil, and is a development 
of the ancient, method. The supply of oil is regulated by 
the snujll chamber outside, whilst the air enters through 
holes beneatl) .the lamp. .Tlie snioke ffoui the lamp is 
conducted thresigk the chimney into a chamber,* where it 
is deposited and collected. 

Anotlier aiifarjAus intended for the rapid prodnetion of 
a coarser lamp-black is shown in Fig. 35. It consists of a 
revolving (^liuder, iliiuugh the interior of which pauses a 
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cuiTeiit of cold wa^cr. A of faoips aro kept bnrn- 
nig below tliis, aiiU the Biuoke deposited on the cylinder 
( removed by means of the 

bnisli. 

Theniiu’ I^amp - black 
Purnaoo— This apiMirains, 
devised by 'fhi'nins for the 
collection of lamp - black 
from coal-tai\oil, consists of 
a stories of iron rhnmbers 
ojteniiifr into one another. 

I# the first of these the oil, 
fi'eed from na])hthulem‘ as 
far as possiide, falls drop by 
drop from a tank above on 
to a red-hot plate, over whicli 
]uiHses a limited sii]>ply of 
air. The smoke is carried 
throu^,di t he series of cham- 
]>er8, forming black deposits 
of differeut grades of fine- 
ness on the walls. About 
70 kilo.'?, of .smoke-black are 
obtained from 400 kilos, of 
Fiff. 34.-UiM]i-bl!M k ajiimrsitn.*. the oil, about half of it 

being of ^"ry fine" (juality. • ■ 
Furnace for producing Black from Fitch, Bosin, &c. 
—An apiMiratu.s n.sed in Ucrinany consists of a chamber 
with a slanting outlet tube for the smoke leading to the 
chamber where it is deposited, and a movable iron cover 
with a regulator for the air BU])ply. The combustible 
material is ])laced in a ])an at the bottoq^ of the chamber, 
whilst the exterior of the |Mtfi is cooled in another tray 
containing water, the object, of this being to ])revent the 
temperature rising too high and causing dry diitillation 
to take jdace. ** ' 

In a recent ITnited States patent (Jjo.^ 74 1,726, 1903) 
tar is heated to abof.it 300 '-400'' C. in a rotQtiig cylindrical 
furnace, in wliich is a spiral ridge to conduct the tarry 
matter towards the outlet at one end, whilst the volatile 
products escape through a special openinfi^ 
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Other Black Pign.- mt8.-r^ umerous* hubstituteR have 
been proposudibr lamp-bluck qr a ])igun‘ht in ])rmtiiig ink, ' 
blit not many of these have come into genexal nse. 

Fnutl'fm't hUtvH' or thuit hhnh was irij^iii/illy i)re])aretl 
by heating' vine twigs in closed crucibles, extracting tin? 
I’esidue with water, drying the jwwder, mixing it with a 
weak Rolnl.ion of glue, and fomung it into pear-shaped 
drops. Other snb&taiices, such as bone shavings, .A-e., an* 
now used in itsjnanufactiire. 



This and oilier forms of charcoal have a graunlnr cha- 
racter, wliereas lamp-black is ilooculeut,and as no amount 
of grinding will effect tbopmgh incorporation of such 
granular pigments with the vamisli, they are nnsnitable 
for goodn printing ink. The same rem^irk applies to 
various shale and mineral blacks. 

Carbon * Blacks.!— The black jiigment obtained by 
the depositio.< ^of the smoke from burning gas upon 
metallic ^iirfaces is* sold under various trade names, such 
as f/fw Had', hJavk^ hydmwioii Hark, a'dmU of 

caihn; jet Had ,, *■ 
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It was prepared on a stoa)) sca^/ by certain mannfac- 
'turcrsin tliis country from the ofdinar}' 'jjas supply of 
towns some forty years ago, but owing to its liigli price 
(5>.. a ]»oiin(lj^iieveivcaine into gcifi'ral iitc. 

Tlie discover}’ of iialiirul gns in difTef’ent parts of tlie 
United States put a cheap sonrco of gas '‘carbon at tlie 
mniiijfartiirers’ disposal. (\tht * states that the first 
experiments with the natural gas were made in 1872 in 
Fennsylvaiiia, and a fjictory was built to nianiifactiire the 
1‘igjTi‘nt on a commercial scale. The lirst lot Was sold at 
about lOs‘. a pound, anil the Remand soon exeeeded the 
supply. Ollier factories wer^ established and the price 
rajiidly fell, until in 1889 it was a.s low as ilil., and several 
firms W(‘re ruined. Since then it has again risen some- 
what in price, and now letches alxmt yl. 07 a jiound, 
which is dearer tliaii the price* of black prejian'd from tlie 
smoke of heavy oils. 

The gas issues fitnu liorings aliont 2000 feet in depth 
by 8 inclu'S in diameter, and is burned in ordinary 
gas jets. In the earliest method of collecting the black 
flat-bottomed cast-iron pans wen* lixed above the jets, and 
the boot removed by means of travelling scrapers. Several 
United States jiutents were next taken out for processes 
in w’hicli the ilanie was made to impinge on revolving iron 
cj’linders. In 1883 claim was made for a ju’oeess in 
which a large plate with holes for ventilation was ma^ 
to revolve over the buniers, and the lilack removed by ' 
])asbiug over a fixed semper. 

The method now in general use was introduced in 1884 
by lUmf, who emjilojed revolving ft’on rings 3 feet in 
extenial diameter and 2 feet in internal diameter ns the 
surface for the de])08it. Tliese rings were ]>lac(’d in six 
rows of fourteen each, andi^ere enclosed in shedsto guaid 
against, air draughts. 

In aiKither process, also commercially succfssful, the 
deposition surface is kept stationary, whilst the gas jets 
and collecting box revolve beneath iR ' • 

Tlic best yields obtained by these procepses are about 
one ])ound of black for each lOoC) ctbic feet of gas 

^ JfmrH. Niir. 1894^ Nijj. A8. 
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conBnmed, hut in son e cas^B Uie conKHniption of gas is 
six or eiglit times as much. * 

Oarlun blacks are cluiracterised by their intensity of 
tone, and the pAntln^ done willi inks containing them 
has a ricli glcssy apiiearance. Owing to their ])eiug of a 
more granular char.'icter than lanip-hlack they are not so 
readily incorporated with the varnish, and were not looked 
upon with favour by English printers long after they had 
l)een extensivejy used in America. English manutactnrers 
havti noA\^ introdiu’ed rollers of chilled steel in plage of 
granite for the grinding oH carbon black inks, and llioir 
products can compete with lliose of American origin.* 
(las-bhu'k consists mainly of carbon, and has only traces 
of mineral matter. Samples analysed hv Cuhl (hv. tit.) 
contained 9 *t() 93 ])er emit, of carlion, 5 to C per cent, of 
oxygen, and 1 to 2 ]ier cent, of liydrogeii. 

Like laniii-black, impure gas-black is always contami- 
nated with tarry oils, wliieh can he removed by calcination 
(p. 156), lea\ing a itssidue containing 98 to 99 per cent, of 
ciirlKjn. Its t iiictorial power is considerably higher than that 
of lamp-black, and it willimpartadeep grey toneloTOO times 
its wi'ight of wli it (‘ lead. 1 1 reijnires upjnDxiinately twice as 
much varnish as lamp-hlnck does to form an ink of the 
right consistiMicy, and the ink thus dries more slowly. 

Owing to it << hygroscopic character, carhoii-hlack must 
•iM* stored "in welk*ios(*d vessels, otherwise the water it 
absorbs forms globules with tJie oil, and interferes with 
the jicrfect iucoi’ixiration. 

(.-arbon- blacks are miscible with water, and this property 
affords a means of distinguishing them from lamp-black. 

Furifleation of Lamp-black. — However carefully pre- 
pared, lamp-black, even after careful grading, has a more 
or less orownish tint, due to;the presence of volatile, tarrj", 
and oily matters derived from dry distillation of part of 
the organic substance used in tlie comjpnstion. When 
these are (dimniati'd, the sidne consists of almost ptre 
carbon, add is thon deep black in tone. 

Chemical hi^ijinifion. — The technical method of rL*mov- 
ing the brown impurities is to boil the black with successive 


Jlardliiki Ynir ftuitk, 1898, ]>. 65 ; 1902, ]>. 126. 
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jioiiious of 8troijg"jcau8tic ^f. ley triitil ouly a faint colour 
IS imparl pd on treeing the sulistanc'.i with a new portion. 
TJie powder isrthen washed thoroughly and apjH'ars deep 
blnrk to tlie ere. • 

■ Jn order to remove all traces of impuritie^s, liowever, it 
is uecessai'y to continue tlie boiling with caustic soda 
until a colourless extract is obtained, and 8iibse(|uently to 
boil the. residue with tiqiui rri/ia until nothing more dis- 
solves. 'ihe final ])rodm‘t, after washing with water, is a 
deep Udack, veiy triable ])owdi*r. It is practically pnin 
carbon, and emits no smell <’iien biinit The cost of 
liandling the material so many Ihnes is too great to permit 
of chemical piirificsdion being used in the jjrepai’atiou of 
any but the very finest and most expensive gi-adesof lamp- 
black (An<lef{). 

Ptn'ifmiiwn hi fW/r/w/////.--The brown tarry oils and 
other impurities in lamp-black can be expelled by heating 
the crude prttduct. to u sutlicient teni]>erat ure to volatilise 
them. In this process it' is esseiilial to ))ivvent any air 
coming into contact with tlie hot carbon, which in that case 
would be partially Imriied into oxides of caihon ; and also 
to avoid overheating, the result of which is to cause ilie 
lamp-hlack to cake into lumps, wliich are veiy difiicnlt to 
distribute uniformly thixmgli the lithographic vai’nisli. 

The apparatus used for the calcination is a cast-iron box, 
in the cover of which a small opening is left to allow the** 
volatile impurities to escape. The outside of this box is 
coated with a thick layer of clay to protect the metal from 
oxidation, and the juncture of the cover carefully luted 
with the same material. Every precaution is taken to avoid 
the slightest opening into the Iwx, with the exception of 
the small one in tlio cover. , 

After being charged with tlie cnide lamp-black, 'the box 
is placed in a suitable furnace and heated gradually from 
behind nntil the wliole has att ained a briglit red 'heat. It 
is Iceiit ,at this temperature for about j^hir^y minutes, and 
then removed from the furnace and cooled in a current of 
air, tlie opening iii^tlie cover being prolpctyd trom^ the pos- 
sible admission of atmospheric oxygen liy having a piece 
of glowiijg charcoal placed over it. P’he box is not Q^ened 
until quite cold, lest any oxidation of tb ) carbon might 
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take place. To obtah^- an ab^ioJutely bkc-k pradiict, it is 
often necessary to repent the ^alciiiiii^ oS many ns six times 
or raoi'e. According fo hrinv the loss in woij^lit on cal- 
cining lam]>blacli is iiiwards of 15 per cent. 

Composition of Lamp-blacks.- - Alter ca'i'efnl ]>urifica- 
tioii Innip-bln^ks consist of y0 10 y8 ]>er cent, of carbon, 
and contain very little inineriil or oily products. 

The following analyses of four jmre samples of lamp- 
black were iniule by Slilfitrlf and fflfithiuiji *: — ‘ 


riirliiiii 

Miiii'nil iimH«i . 
MiiiNtuif 100 t' ) 

Vu|}itilt‘ ’'iilHtmc*-'. . 




' I ' 


V I 4 
1 «‘ni. , Cir n'Di. 


I 07. 3S I of). 2 1 

[ 0.0^ . u 05 [ 0.03 

: ao; ' o.(vS l 0.03 

i j , 3.70 


9<»-'3 

0.23 

0.(14 

jto 


A cominciviju sample of impure lamp-black recently 
e.xamineil liy us gave the following results : — Asli, O.29; 
oil\ matter ((‘ther extract), 8.12; and total nitrogen, 0.76 
ner cent. 

MKTiions 01-' E.v.\mimmj Lnmi'-hlacks a.nd Gas-iiuck.s. 

In judging of the suitability of a black for printing ink. 
the main points ft) be taken into consideration are the 
intensity and permanency ol* its blackness, its tinctorial 
power, the liiieness of its particles, and its freedom from 
any considerabh* jiroportion of oily ini] inrities and mineral 
matter. 

Ih'fci'iiiinitfioii 0/ Mimruf Mattel'. — A weighed cpiantity 
(about 9.3 grni.) of the iiowder is ignited in a weighed 
platinnm linsin over a small Ai'gaiid iiarne, and the residue 
weighed jvhen Inirned completely white. The best qualities 
of lain|>-black c«nlain onlwlracesof ash fr/’ “ Analyses” 

SIIJJIV). 

Tiii'i'fi has been ]>omted on|; by //'c/xrt that 

the halo to be oAsei^ed round the letters in some old books 

' l‘niirxi> h'nr Riwk, 1901. |>. 141 
I Jouru. i\H'. , %(•(. /«(/.. lS()4, 131. 
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and papers is io be attributed to\the preseuce of tarry 
duinpoiinds, such as pyrene and chrysene, in tlie black. 

I'br the deWuiination of such impurities, 2 or 3 gmis. 
of the sain j)lt| are e>- traded with ether, the ext rad evaj'o- 
rated, and the residue weif?lied. A s])ecimeu of lamp-black 
exauiiuedby us iu this way yielded 8.12 jierceiit of a dark 
yellow viscid oil, with a strong enipyreumatic odour and a 
bitter taste. Smith * advocates the following (|ualitative 
test:— A pinch of. the |X)wder is ]>ut on a piece of filter 
papeirvind moistened w’itli a few drops of snlpluiric (‘ther, 
which will dissolve any oil jn‘es('iit> anil then leave a brown 
or yellow stain suiTonnding th^ powder. 

Allinlinil}/ nr Anditi/.—h'm' alkali or acid, which may 
be left by tlie process of purification, may react with other 
constituents of the ink and lead to loss of colour. 

Free alkali is detected liy Innling 0.1 gnu. of the black 
with 10C.C. of water, filtering, and adding a di-op of jihenol- 
plithalein solution to the filtrate (pink eohmr). If, oir the 
other hand, the afjueous extract is acid, it will remain 
colourless on the addition of the ])henol-ph1]uili‘in, and 
will reijuire the addition of alkali solution to ])roiluee the 
pink colour. 

Ihujri'r {if Lamp black consists of foliated 

particles, while gas-black is finely granular in character, 
and vegetable charcoals (Frankfort black, Ac.) still mon* 
granular. A ])ractical test for com|iaring ai. unknowii 
sample with one of known Giieness is to mix oipial weights 
of the powders with equal ipiautitics of varnish, and to 
spread the mixtures in thin layers on glass. When the 
glass is held to a strong light, tlie layer of line black will 
be found impervious to the light, whilst the particles of 
the coarse black allow the light to pass. 

The above method of testing the fiironess of 
the particles is also frequently employed forcom)iaringthe 
intensity of the lone of two samples ; but Smifh„(hr. rit.) 
objects to it ou the ground thao in tlie cas.> of shale-blacks 
the oil vamisli may rise to the surface; and tlie layer thus 
appear to be blacker than it really is. lie l-berefore advo- 
cates making the comparative tests On wood instead of 
glass, lifider ])Bra1]el c^inditions. 

• PnHVM ) fv/r Ufwh*. 1903. p. HI 
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Fcrmmmf. — Aimr^tfrom llitf resalts ehtained in actual 
practice which obviously take time, Hmilh recoroinends 
testing the blacks with su1])hDric acid and ;vith solutions 
of sodium hydro^Ade a^d aniinunia. ^(feiYScence with 
the acid indicati^s^he preseuco of carbonate, wliilst if thn 
blackness is ai*all fugitive, the jiigineut, wlien dried after 
treatment witli alkali, may show a loss in intensity. 

Tiiirhmf Pnfivr . — A jiaste is prepared by adding lin- 
seed oil to a luixtiire of o.i grm. of the black with 8 
grnis. of ^hite lead, and after Ihorungh incorpow^ion 
s]»read upon glass, and tlie^int compared with that given 
by a standard sample lamp-black nuder the same 
conditions. 

(iftactiff Ttst for Ctmnny roircr. — A Jiiixtnre of O.i 
gnu. of the ^)owder, and i c.c. of oil Is spread in a 
uniform la\er over paper until the surface l)elow beconies 
visible, the areas of pajMM’ covered by eijiial weights of two 
pignituiis thus atfording a measure of their relative 
o|)acity. Jn some cases an additional amount of oil must 
be. adtiod to the mixture to enable it to l)e spread ort to 
i's lunxiuiinn extent, so that the total ainunnt of oil used 
may also he taken a.s a mejvsim* of the covering power. 

Itiiyiiiiifinii innl 

(hr. nt.) has ha^ed a distinguishing M on the f.ict that 
gas-black C4>ii he rejidily ini.xed witli water (p. 155). 

• • 

MlXIMrillK JIlACK AXI) Vahmsii. 

Proportion of Black to Varnish.- Tliis will obviously 
di'iwnd to a large extent on the character of the jirintiug 
for wliich tiie ink is reipiired, as well as on tliu rjiiality and 
nature of the pigment used. Thus for nc\v.spaper work a 
very difljfrent kind of ink is required tliau in the case of 
fine liook work and illustrations. 

Accottling to Amirs* the jirojmrtion of lamp-black or 
other blaAc in (lemian tn-yyiiig ink ranges from ahoiit 
20 to 40 ppr cei^.,^ Uti le blue pigment (indigo, aniline 
dye-stuffs, A.c^ being added to the be^-t qualities of ink. 

lie gives tlie ibllfuving’’pro])ortioiis ns typical of inks in 
common u.se : 

‘ flu MHiniHi'liihshjrtrlit'Mj iSSy, p. ajft. 




Mixing the Varnish and Lamp-black.— In sonn* of 
tin* old l'orei{(n methods of tin* pigment witli the 

oil varnish, the ink was only inboriwi’atod by the pressman 
on the inking-stone imniediatc'ly hefoiv use (see p. i^6). 
As a thorough admixture of the ink was a t odious ])rncess 
the old Knglisli ink manufacturers were in tho habit of 
preparing a complete product, though, aci'onling to Mo^un 
{htr. r/7.), the results given by this ink were inferior to the 
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Dutch ])rinting. The mixing of the ingredients was 
effected by stirring them together in a ^vessel,. and even- 
tually ^rinding them on a stone with a mnller. Owing to 
the very light and dusty niv^ure of the l:'in])-hla k, the 
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iuooipomtioii is now i uully irfT^ted in i lui.vijig machiur, 
several tv])PH <5f wliicli are in iise. • * 

/Jttftr/rf! .If u hill Mitrlnni'. — is a simple and elTective 
apJKU•atu^, rousisfiiig of a closed viJical cylinder with 
Kiiinded liollom, in which revolve two iiitj‘rla])i)ing flat 
rings, which scmpe I ho sides of the vessel and fllect a 
tlmraugh adnii\tine of the contents. 'I'he. cylinder is 
supported outside hy a\les, bo that it can be easily in- 
verted lo reiiKJVf the ink. 



Flu. 37. -I,clin«mii'h JliMiijr Mni'him- 


l'\'. 36 show.*! the nii-xing np])aratiiH viewed from ahovc. 
ir< /■//<’<■ iniiJ rjlfithri'r'tt Sfu'iiui Much I Hr . — 'Jliese are 
made hi various sizes to lake charges of I to 1400 kilos. 
They are ijpnstriicted in the form of a hori}jj)Dt!il cylinder, 
mounted on axli s so aa to be readily emptied, and the 
incprporutitJii of tllie Varnish and lamp-black is cflecteJ by 
means of revoking padilles. 

LrlniwiiHH Mit'iiiii J/rtc/iii/c.— Fig. 37 represents the 
mixing nnichine sn])p|ied hy Messrs. Krlhr (mil .'e, for 
mixin^lanqv-lilaek yith oil* It is inad« in in-n 
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takt* plmrgi'S of twenty-two cud HL\ty-Rix j^alloiis, and the 
rotating; bladofi dVe driven by o.? .ind o.‘S lK)rRe-]X)wer 
respectively. The ras^chiiie is sliown here in a tilted 
])osi(iou for F’.e disjhargo of ink, 'but when in action the 
openinjr of the vessel is horizontal, and is clysed so as to bo 
coni])letely dust jiroof. A special lam|vblack cylinder is 
attached to Hu* cover of the machine, and the black falls 
from tliis throngh a sliding Bhntter into the muting 
chamber. 


fiKiM/ixn. 

After ihormigh adrai\'l.nre^ln a mixing machine, as 
de.seribeil in the preceding pges tho pulp of printing 
ink ivjjuires grinding between rollers, so a> }(» ri*diice it to 
an iil)>olnt(‘ly homogeneous mixtiin* fiH'e fnnn all lumps. 
For this purpose it is transfern'd from the mixer to a mill, 
in which it is passed In'tween isdlers of fine-grained hard 
stone sjich as porphyry, oin* grinding in a mill with six or 
nine rollers Ixdng usually sufliciiMit if the material has 
been ]mt|)erlv mixed. 

For grinding gnuinhir ])igmt‘ut such as gas- black, 
machines with rollers of chilled steel are used in America 
and more recently in England. 

hhmnn\ (friiiilinif MurltliHU. — Tlu‘se machines have 
lie('ii extensively supplied by Messrs. Krllrn innl f'i>. tp 
printing ink maniifacturerh. They are coiislrucled in 
different sizes and with tlm*e hanl nu'tal rolleiv of chilled 
st"el or of porphyr\ . A mill suiiabh* for smaller inanu- 
factiirera is shown in Fig. 3cS. Tliis is 40 inches in length, 
47 inches wide and 45 inches high, and has rollers 8 
inches in diameter. These rollers^ are coin|Kised (»f por- 
]ihyrx’, and have a snrfnc* harder than Bb‘el, si that the 
material is ground as finely as jiossiblo. They are made 
to run at diffcRuit s])ceds, whilst the fiimt rolj"r lias also 
an oscillating movement, )Kh,L of which help to make the 
grinding more thorough. ' 

Further odvartages claimed for this typ ‘ of mill is that 
t.hiTe is no ])nssil)ility of the inatetial'*bverfldwing from 
tim sfder, and that the nillere kiH'p^ completely cool during 
thf giinding, thus preventing any alteration in tlm colour 
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of delicate pi^nenls, ae someAnieM occui'R when giindiug; 
roliew k'come l)ot. * 

The mill kIiowji in i.]|^ figure in capable of a daily ootput 
pf 170 lbs. of lt‘ttpq)ress iuk or 70 lbs. of liibo ink, and ia 
driven by ar eiifpue of o.S horse-power. Larger juills 
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conBtrucl|(l by the same h'rm recpiii’c J.J horse-jwwer, 
and yield a dui’y output .»f 4cwt. of letterpress ink br 
130 lbs. of litlio iflk, whilst still largtM* mcchines have 
six and nine rollers, and give twicer ar.(l three times tlie 
output. 

Clonibined in being machines (Kig. 37) and giwding 
mochilos are also employed^by ink manufacUirers. 
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, In A'tv//\s grinding luill (Eif*g. ]V., No. 2640, i860) the 
bottom roller alone ivvolvea, whilst ^.he top one is fixeil. 

A grinding tnill patented by Jtirlmn ( l^lng. I'at., No. 957, 
1870) contain: Hat Circular grinding jdates which I’evolv^ 
on a vertical spindle. On the surface of tl]'‘se plates are 
teeth, whose cntting faces ai*e arranged half in one direc- 
tion and half in the other, so that by reversing the motion 
from tiuf.e to time half of the teeth are shar|)ened, whilst 
the others aiv in action. The plates are kept cool by 
means of air-cliambei’s between the lixed and revolving 
di«ics. ■' 

In a machine protected by (Kiig. J'at., No. 3598. 

1873) tho i*ollera were raaile to nwolve in opposite direc- 
tions, and the nppt'r roller wa.s nnicli smaller than tlie 
lower. Tlib) arrang«‘ment was intended to accelerate the 
passage of tlie ink and prevent the darkening tlmt some- 
iiimo.s occurs in grinding coloured inks. 

Lithographic Ink.- diluting ink for lithogra|>hy is 
Rup])lied in tins, the price ranging from 2s. to 40s. pr II). 
A fair (piality of black ink can be obtained for about 5x. 
per lb., and it does not deteriorate by kee]>iug. It is in 
the form of a solid of tho consistency of cold wax. and 
must Iw tliinned down with varnisli l)efore it can be ii'<t‘d 
for printing. A small ipmiitity of ink is treated at a 
time, tli(‘ varnish l)eing added to it in minute rpiantities 
and rubbed down witli the paletti*-k’ufn. The iidc is at> 
iirsi difficult to mix with the varnish, but when a little has 
been incorporated with it it will readily absorb more. A 
good deal of practice is necessary before the lithographic 
printer can master the initial diillculties of reducing the 
ink to a printable condition. Tie must k* guided to a great 
extent in dilution of tlie ink by tho state of the atmosphere 
and the temperature. 

Tho lithographer in a small way of business is frecjnently 
called upon te print such small things as colicert pro- 
grammes and the like in fancy colours, and must know how 
to compound inks of different hues. By ihe aid of a stone, 
muller, palette-kitife, and varnish he should find no diffi- 
culty yi accoinjilishing the work, flie ])igmeni or ])ig- 
ments Employed are rui>bp(l dpwii ui small (|uantitiPH with 
the palette-knife and with medium or tbm varnish, or with 
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a mixture of tlu* Iwojwconjinft to tiio^late of tbo thei- 
mometor. lie theu fpiJids tho mLxtnie with the miiller* 
fratheiiiij? it iip again with the knife and regrinding again 
and again. Moi'ci^loiii^iH added as ilie onenjtion ])roceeds, 
and as the ink gradually gjiiii'^ in thickness it will heconie 
necessary to (io this by scattering the pigment over the 
stone, and grinding down witli the inuller without the 
intervention of the jialetlc-knife. lJut the latter must !« 
employed to scrape the (vjhiiir from the stone, pile it up 
before siibmilting it again tt» the siction of th(‘ laijllcr. 
Ink I Inis ])repaiv<l works Vttm* if kept for a day or two 
before being used. 

For delicate lints, as in jijuiifciiig with opaque pigments, 
it. is uec( .ssarv to iiie.«irjiorate with the c»donr a considerable 
body of w hit r*, and for t his pur|K>»e there i.< notliiug lM‘tter 
than '/line oxide. It is true that w'liite-lead has mora 
coviTing power, but then* i.s considerable risk of ch(*mical 
pliangt* occurring when it is mixed with <*ertaiii other 
pigni(nit.s, A traiispai'ent alumina intmdiic(‘d by Mes.srs. 
Mttihh I'lun mu! (*u. alfords an excellent meaiiKfin conjniio- 
tioiiwilh oil) of rendering a coloiu’ed ink paler wit hont 
eliangiiig its wiisisteiicy. I n ciinunolitliograjihy an ink is 
somi-times employed for a pale lint, or for enriching a 
colour already printed, iiitliesame way that a w'ater-colour 
is used by a painter; that is to say, the ink is .sutiieiently 
tiiimied doWn by varnish to make the paper show* through 
it . This de^ ice has t he advantage of reducing t he huiuImt 
of separate jiriiitiiigs and so saving expense. It is not 
applicable to printing from type. It is almost unneces- 
sary U) staW that iu printing establifJiineiits where a largt* 
amount of colour W'ork is done*, the inks are ground in 
mills, or are supplied ready compounded. 

Collotype Ink. — Tin* usual practice of the colbtypistis 
to rub dow'n lithographic chalk ink with ** luhldle ” varnish, 
turpentine, and olive oil, and when he m|uires inks of dif- 
ferent colours,' he mixe,. Vach severally with a liftle 
turpeutiiitf Ijefoit ifleorporation with the other medii It 
is also ciistomaiT to add to black inkstfi small jiraportion 
of I*rus>ii!in blmi, indigo, or Venetian red to improve the 
tone. A siiecial inking slul> and midler are used Tor each 
coloul. 
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SrhnmiKt * givei) definite for jn-eptiring ink for 

i’oUotype work on dhese lines. Fronj oiu* owii exi)criment8 
we can affirm jlliat much depi'iidn in the collolype jirooefis 
upon the thorough i;;icorporatiun oi the iligredients of the 
ink, upon its even distribution, and upon the degree of 
moisture in the atmosphere, which has an inlluence upon 
the gelatine sni'face. 


' CoUi^iIfU', JI, 5«I 



CUAITEJ? XI. 

v»)l,()rill.:|) I'llINTJNiJ I\KS, 

• • 

('o^T^^T^— K:irh nii'lliiid . -'M:iiiiilaHiin*<l ink- l';inili‘r^' 
lii;,niiciit-.— K.irl\ ii;iioriiiiir a- In prti|MT pmiiiiMiN -tl.i)l-tiiiii‘ 
prnn— lilin'k < 1 . < |t‘iiiiliiii>>h— ()vi‘rlii\’‘ -I'liarst* 

ur.iin "cin'iis TJiciin III (iiliti)r~J)i:i!rr;iiiis ol culoiir— IVi iill- 
iirilii>'«<i| ]iii;ini>iit'<— IVriiiaiH'iK \ 111 picniiMils Yi'llou piiriiu'iiU 
- Ki'ii jiiL'ii •■iiN lllitc pii(iiM'nt>i- linri) piinn'‘ii('> -l'iir)ili‘ auil 
ORiimi' piaiiK'iilh— llriiwn piaini'iitv— •• Art*' >.hadi*!» Threo- 
coloui* printing— I’liiiloL'inpliK* faNiliralmn ul rolonr- 
Ciiliiiitril hirn'iix- rli'rk-MawM'HV woiK— Colniir Nr»'i*n«- or 
lilloix Coloiiicil liaiil— riir<'piinii''iit'< iiiikiiowii— (i«'ni‘r;il -on. 
Mili'iatioii^ -Kxaiiiiniitioii oi irirlnoinalir priiil» Tlir hall- 
ioiif (loi-Ni'M‘'.vit\ lor tinnK|iai(‘iit ink.'— (>|iai'ih ol m-IIow 
piuniont — Mipplrnii>iitar> ki>\ lilurk Inks for cheques 
and bank notos- l'iU«‘nt ink', for l‘ln•l| in's 

Eprly Methods.- -Tuteivstiiig details as to tlie use of 
coloiii'pd iuks in jiriiitiiij' in tlie early ]MirL of tie la.st 
centurj' may lie gleaned from tlie large volnnie by 
This coiitaips many illustrations in colour, with a sp'ciineii 
block of each jiignrnt employed. 'Hie latU‘r are useful as 
witnesses of ])eruiauency, but the fact< must be taken into 
consideration that these Sjiecinieu tints have not been 
exiKised to tin* action of light. Among the colours illus- 
trated we find histn*, sepia, smalt, cobalt and some others 
which are now seldom enijiloyed by the ink manufacturer. 

It is worthy of notice that Arfmi/c makes no allusion to 
the purchase- of coloured inks, and we may iiresnine there- 
fore that u]) to the date of this liook, and jiossibly for 
some tinip afterwards, print^'rs were de|)e«deiit for thf so 
upon Ihei^ own rewjurces. • 

'Manufaoturoa Inks. — A later anther, re- 

marks that “ iii^he present adyaiici'd stSte of ink-iuakijig” 

* Pnii'fiml Il'mh oh Ihrmtitrv Printing, 1822.* 
t SIk’ a mirit nn HneijrioiHfiI \0 of Printing. I'hiliidi'lphiii, 1871. 
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it is better for pii-mters to jely ii^ooii the imiimfactured 
nrtiole tlifin to nttwn]it to make their own inks. \!ul he 
sii^'^rests tlint,l]ie diilirnlty of redneiii^ iliese iuks uiul 
inixinji tliein with ^"iriiisii in tJu' bestSvay to meet the 
necessities of the work in hand, is quite en()ii;ili in itself, 
without the truiil)h‘ of coiii|)oiindiii<' the inks hein^' added 
to it. If. however, tlie ])rinter should insist on hein^ 
inde|iendent in this matter he is referred to 
hook* for further information on the snhjeet ijf ink- 
makin^^ 

IJeferrintj to Ifoi>;fhlnn, wm*. lind that he admits that 
coloured inks can be |inrchased ready for u>-e. but com- 
plains that they are ji'ar, am' that tli(‘ re(|Uih*d tints 
cann<»t always he readily obtained, lie luhises tin* printer 
therefore to hu\ his <iwii raw lualeiials and lo mi\ them 
for lii nisei f~takinpr care that the culonr.s miiployeil an* of 
the best. 'Hie apj)liaii(Vs and maieriaU lleces^ar\ consist 
of a iniiller, a marhie slab and pah'tte-kiiile, a can of 
printer’s Yanii''>h and the raw' eolonr.*!. Me then ^'ivcs a 
review of the best cohmi’s to use. 

Paintors’ Pigments.—'We may take it ns ai:em‘ral ride 
that piomenis used by ]»aint«‘rs can. with v«‘r\ feW’ e.\cep- 
tioiis, be adapt (‘d to the print injr-press, abvays reiiiemhei ing' 
that the painter is iu>t limited to a certain thickness of 
material, lie can if he like.s. and as mun\ do. pile on the 
])aint with a ])alett«*-kiiile so that it lies on tin canvas ip 
prominent rid^^es. The printt*!', on the other hand, must 
use his colours in siicli thin layers that their thieknrss 
cannot he measnreil e^eu by a inicronietfr. It isolwioiis 
that this means that the ])i^iii(*nt used must ha\(' {j[reat 
buly or coverinj^ jwwer, nidess it is int.emled l>y printing 
one colour above unolher to get u com|)onnd tint. 

Early Ignorance as to Prppor FigmfenlR.—ln ii smaller 
book by »NV//ve/r of later date I a chajiter is devoted to 
C(doiir»*il inks, in wliirJi bo (le])lore.s the igiiprance of 
printers and ink-makers wAiceniiiig cohmrs and iJieir 
applicai ion to the press. He advise.s'ilw use (f slab and 
mnller, and gixsl printing ink vaniish. and ia cases where 
the ink shows a tendency to accuimbati^ upon' the tyiie 

* Pri/h •/« /.'vrrifiliiif limtk, 1856. , 

+ *0# f/ir JUrfHinifiim nj Prmliiifj Jii Inttli Pilavl' tmu ('ulunraK 1832. 
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rccoramendK tlie addiiioi oj ctird f-onp— wliirli must be 
ritb])ed into Ifle ink w'tli tlio mullet*. He then repeats iif 
sliglitly ;iui])lilie(l fnnii ^li<‘ iiarticidars of lliw dilferent pig- 
ments wliicli be gives in bis ])ivvioiiH n ’‘k. ,Jt is intere.st- 
ing to nntt' <li.at Ik* advf>cate.s the use of csirmiue for a 
crimsoii ink, but only for very parlictdar jnirjio^es, adding 
naively, “ I have been aecustomed to itay for the Itest two 
guineas an ounce.” 

The Half-T< 2 UO Proeoss Block.— The introdnclion of 
the balf-loneiilnilfigrapbk* proeess block, whicb bas1?t»gely 
supt'i'Si'deil tlie art of ^\0(ld »‘ni'ra\iiig, caused (piite ti revo- 
lution in ])rinting iiudbods. 'file etched dots upon these 
Itlocks are so lim* in cbarader that the work is coni- 
parahletoa sti'el engraving ratbiTtbau to one upon wood; 
and if ««ne cares to lofik up tin* lib's of any illustrated 
journal of tiie ^vriod >\bcii these blocks lirst cann* into 
use, he will see what de])lopable things the ]>rinlL'r.s uinde 
of t hem. Neil lier tin* ]iapei nor tin* ink w<*rt* gowl e.'ioiigh 
to meet the needs of these lineh elclied lilocks; and 
jdthotsgh \^e must n*givt. the decline of the beaiitifid mi 
of wo )d-(*iigraving, we must, put to the credit of the pro- 
cess block a revivilication of Ihe j)riiiter's art which has 
Iteeii lieiK'lieial from i‘\ery point td view. 

Kecossity for Clouuliuess. — Printers an* hegiiming to 
SCO that inider the in*w cmidilioms ch*anliiiess, as well as 
oare, is iiet*(led ul , every stage of the work. When type 
anil electnxs from comparatively coarse wood-cuts, liolh of 
which were treated with black ink only, were tbc solo 
rccpiisiti's of tbe printer's art-, the worksliop w’as tin* home 
of grime, |»i*rhai)s nocessaril\ so. But- jiow' tliattlie work 
entails the employmi>nt of di'licately etclietl process blocks 
mill’ll greater care is ne<*ded. The idacv must not only bo 
ke])t SCI npulously clean, but a nniform b'uijierature miiBl. 
be maiiil aim’d if goml work is to be pnxlnci'd. Tlie com- 
mon use #f tho electn'c motor for driving.the macliinory 
has bauibhed of tiie uili ; and tlie question of j-em- 
punture ifi not k ditiicult one io solve. The block ink 
used for nrocess blocks must In* of tbe^linest deBCPi]»tion, 
and it is lound iu ]*ractice that they take «]) fur l^ess ink 
than eitlicr tnie or w^yidcut-s. Tiie layer of ink ib bo very 
thin mat it Is i^^ialtcr of necessity that it bhonld iTave 
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good coTering po^er, othef«d^ tbe^mipresBion will appear 
to be gn‘v aiiil flat. 

Overlays. -These blocks refpiire to have the pressure so 
adjusled that it is g^reiitest iu the s^nadowk, less in the half- 
tones, and lightest of all in the high lights. This desi- 
deratiini is seeim'd by overlays, ami a great improvement 
has been effected by the recent introdiietion of an overlay 
made of gutta])ercha on ])aper, which is ])rodiiced by a 
photogra])hic process. I’liis overlay, which is s])ecially 
adapted to tlie process block, has Is'cn introduced from 
America and is known by a pat'^ut name. 

Coarse-Grain Scroens.— In the case of rapidly printed 
newspapers on rotary machines, \ialf-tone blocks made wit Ji 
coai'se-grain screens are coming mon* into use (‘very day 
and displacing the line-drawing — it is oft(‘n f(»and advisable 
to use a liner grade of ink for the ]»uges bearing tli<‘ 
illnstrat ions than for those containing the t(‘xt. In higher 
class journals the custom has rccenlly obtained of printing 
line-grain lialf-toiie blocks in culoun^d ink while the 
uccompanjdng text is in black. This of coui-se involves 
separate printuig indess a two-colour machine is (‘inployed. 
The effect of the two colours on one ])age is often most 
artistic. 

Theory of Colour. —It would be l»eyond the 8CO])e of 
this work to devote much si»ace to the theory of colour, 
although we are fully alive to Iho undoukted advan- 
tages to be secun'd by all those liaving’to deal with colour, 
by an iiuderstauding of the princii)les u])ou which that 
theory is based. There are so many excellent manuals 
upon the theory of colour, tin* harmony of colours, and 
njjon the use of pigments generally, that all who desire to 
acquire knowledge upon these subjects will have no diffi- 
culty in fliiding instructors. f * 

Diagrams of Colour. —Many diagrams have been pub- 
lished for showing at a glance the so-called primary' colours, 
and their relation to the secondary and iortiar}’ tints, but 
the Tfao.s’t simple is a very old one which w? herm reproduce 
(Mg. 3(y), and in doiug so we must express cr.ir regret that 
we cannot discover the name of itk (/nginatlJr. It is 
extremi^.y useful in at once ffxing upon the mind the 
nature of colour relation so formas pij^ientB are oondjmed. 
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The central disc is blaok, \^ieli re]>r8Bents a mixture of 
the three priniai 7 colours — snrroundiiig. the disc we find* 
the priuiaries, yellow, retl, and blue. In tli^ next concen- 
tric ring are the ^hifo^condaries, made un of niLxtiures 
of the two prinai^' colours which lie against them. Thus 



3 *).— t'olfir iliapnmi. 


orange is a mixture of red and yellow, green of j ellow and 
blue, and pnrple.of red nud'blno. J]ei*c too we havoia 
ready guide to tl|p coinplomentarj’^ colours, a inixl-ure of 
anj' two of the primaries, constituting t^je complementary 
tint to tli« remaining primary. Thus green, made uj) of 
blue and yellow, is complementary to red ; orange '.o blue 
and pii'jjle to yellow. 
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111 tlie oiiteniidst nng ate tehiary tints made up of 
'Inixtnros of tlio B^-eondarien, tliiw — grocu am! oraiipe form 
filnuv; oranpfo and purple, ni'inrt ; gn‘en and pnriilp, dm. 

Peculiarittfla of Pigmonts. — 'J'he Worker wlio has 
hithcrio coidined his attention to black printing will find 
upon dealing witli coloura that lie lias dilliculties to meet 
which at first nniv seem to lx* insuiKTablc. Kach i-oloun'd 
ink ajip^ars to have its own peculiarities, and w!it*re, w’itli 
a black ink, it is jwssible to ti'inper it with vai’ioiis media 
so as to altiT its working qualities, coloured ink cannot, in 
many eases be bo tunipt*n‘d with. A colour can of course he 
modified by the addition of white to lighten it. or black to 
darken it ; but n hat we mean is,‘that n here delicate colora- 
tion is necessary, the wIiol“s:de addition of turpeiitim-, oil. 
varnish, Ac., is not permissihle. Inks of Vilru'iis eolours 
are now' jiurchasable wliich need no siicli addiuoie. 

Pormanency of Pigmenta.- I']) to recent times the. 
colours eiiqiloxed in the manufacture of printing inks were 
with a fexv exceptions of mineral origin, and such colours 
are as a general rule permanent in tlieir natiin*. .\nd 
perraaiimicy is om* of the principal considerations in the 
selection of a colour, nnle'HS the xvork that the ink is 
intended for be of ({iiile an ephemeral eliaracter. 

rdomx — When the aniline colours fii>t liecame 
available in the arts, ])rinler.'!, like many others, were 
attraet<»d by the gorgeous tints presented bylhem. Th^? 
new dyes were quickly made into inks, and bi/arre ])osteiB 
wit.h colour schemes never before dr«*anit of even by those 
afilicted with acute chromatic ak'rratioii appeared on the 
street hoardings. Hut only for a brii f lime, for sunlight 
mercifully blenched out several of the colours belbre the 
jirints were many hours old. Any one can test, for himself 
the fugitive nature of most of the.M*< aniline ci'.lours by 
exposing any surface coloured with om* of them under a 
negative in an, ordinary photograjihie printing fevime. 

*lt is the Ixdief of mauy'xVorkers tii?.t this charge of 
instabfiity which is brought with sucli g^od reason against 
the aniline colouns will some day 1 m? removed, and that in 
course of lime aniline colours will In? Ju’otlnced to which no 
exception can Iw taken on this score. We shall see, when 
w<«come to consider the reijufrcments of tile thret^Kwlour 
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system of jirintiQ", *thnat ^ch colours are fjreatly in 
demand. ^ 

The experimenis of Prof. ('Jnnrh* on tjio stability of 
difTei'eiit oil painl.f ex|)oS(‘(l to the octipn of lip^lit and ^ir 
under similat^onriilioiis for pcrhxls of two oiMivo years are 
wry instructive, and snpjileinent the exjwriments of Sir 
WiHiniu Alnii'H and Dr. AVs-v// on moist water colours 

(l»-''4)- . . , 

'file iollowiiii' were some of the most important ivsiilts 
obtained, the de])t.li of tin' initial colour in eacli cased}^‘int]f 
rejm'sented by lo : 
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.Vs coloured print iiijf inks am esheiitially a kind of oil 
paint, it is not unjusti liable to assume that closely similai’ 
ri'.-iilts would have been obtained with the same pigments 
ineorporatetl with lithographic varnish. 

**Piigitivfl Coloufis.— Want of ]xwmaneiice is tlins a 
fault which is to lie attributed to other colours besides 
tlu)8e derived from aniline; and those who would seek 
information ui>on this point cannot do better than consult 
IVofessor Chmrh'H book, where a table is given in which 
pigments are divided into three groups - Class L, contain- 
ing tlie y-iily permanent colours ; Class JJ., those wliich are 
subject to a certain amount of change, but which may be 
used : and Class IJ F., comprisiug those which ought to be 
detinitely*exclndfd from ui^.* 

Following tlio Girder adopted in the lauie reierrea re, we 
will now briefly consider the various pipnents which are 
of intei-eSt lo tb* printer and mauufa^unT of printing 
inks. 


(h’ufut'nj t$ 346- 
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White Pigmohts.— The while pigiiieiits naiiii'd in J*ro- 
'fesaor (1unrh*it Hst are three iii iinniberl han/fn nM', 
ziin‘ if'Jilh', aii4 /A//.r n'hifr.. Tlie Ijret iiatiied is not used in 
thf making pf ink, bnt it is of sewmdnry interest to the 
prinler in that this description of white is^i.iueli iihod in 
tlio pPO])aration of surfact* iKiper. wliich is now so much in 
demand for the effective printing of half-tone ])roceSH 
blocks.. Zinv u'hih', or zim- afiih\ is much in reijuest by 
the \vater-colour artist on account of its |iermanency ; but 
it is 'not so satisfactor)' for printing purposes as v'hlv 
Irtnl or i/'Jtlfr. All thesf Ihret* pigmi'nts apiiear in 
(^hiircli’s list as iirst-class ]iignients in the matter of per 
nninency, if used for oil painting, lint wIk'u the particles 
of lead carbonate are not wrapped up in oil. when 
used for water-colour {Kiintiiig, the j)igm‘'*nt is rapidly 
attacked by any slllphurou^ contamination in the air, 
and (jiiickly blackens. 

Yellow Figments. — Of yellow pigments Mumv is a very 
great variety, and although ])rinting in \ello\v ink is not 
by itself often called for. evcept perhaps in ])oster work, 
the admixture of yellow with other coloms in the fonna- 
iioii of secondary and tertiary tint.< gives it an iin[H)rt.ance 
which it might not otherwise possess. AW must remem- 
ber, too, that in the modem three-colour process yellow is 
one of the three ]»rimary tints u])on which that process 
depends for its efficiency. 

The most important of all the yellow's to the printer is 
M ihrnuiftftf usually known .as •■limim' (/tllotr, llv mi-\iiig 
the neutral clirom.atc with le;id o.\ide ) el lows of various 
tones, including the orange, may be oldainnd. t'or lighter 
chromes, lead sulphate, while a nii,\turt* of lead chromate 
and sulphate i.s employed in the ])roductiou of certain 
tints. iJere again we have a series (tf ])ignienfs wliich, 
while unstable when employed as water colours, .are com- 
paratively safe^when locked u]) in oil or varnisb' as in the 
mkiiufacturo of inks. Chridfie yidlow,' combined with 
PrussiSii blue and with bljick, gives i! gn*atr variety of 
greens. Vaimikuni tfrifmr, kiHifH ffdhht' 
alhfrinf tfrlhnr, and alhiriiu' otmitfi' *aro all liable to 
chaiigtVand the same may sai^l of i/rllan^ lukr hmm 
piifL, i/flloff and Huhtni 
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ftiid twhnhnn mnitjc 111.1.' be jiljfceJ ,'imOhg tlie jiennanent 
colours, but. tlioy .ire tj)o cxjieusivp for coiiuiion nse. Of 
all these yellows, vhmne fii'lltun ia to be^proferred on 
account of its eaf^^ wovlaiig and frecdij^r from grittiiiese. 

Vtllint' Jiomnn orJtri\ and other oartus niv durable 
jiigiiu'iits, and are of use to the printer when bright yellow 
tones are not retjiiired. 'L’hey ar** also useful for adiiiixtnre 
with J*russiau blin* and other pigments for the prpduciion 
of comiKbile coloiii*s. ituir sicunn and hrnt aunnn come 
under the same caiegor)’, the fli*st being a yellow afid the 
second a iM-ownish red. 'Ulie'.e last narneil pigments are 
e.\tvi*niely lianl and recpiire .'•ai-eful grinding. 

Bod Pigments.- Tlier(*aiv many red |>igmi‘nl> which 
(vin Ik‘ used in Hu* prejiaration of ]iriiitiug ink". Tf /- 
iinhtiu, which is found in tlie form of niint 0 f*r (mercuric 
sulpliide). in many parts of the wwld, or can be pre- 
])ared artilieially, is tempting ln'cauw* of its beautiful 
scarlet colour. ISut ink juvpared from it cannot !»(* (‘in- 
pluyed nitli lead 1 yp«‘, fur tliat metal dccom|X)>es the 
mineral and ehanges its C(»]our. Otherwise there is no 
reuMui to snsp'cl the jKTinanenc)’ of vermilion wlien asso- 
ciated with oil OP varnish, , and Professor ('A a// |)laces it 
among the iirsl-cla^s pigments. 

rn-iiiifioii, pi’epaiH'd from native cinnabar, w'as used in 
the di'ccjn-vtion of the w.al]s of Poiufieii, wax being the 
.medium with \;liicli it was a'-sociated. The colour lias not 
faded, alllioiigli iiearlv twenty ci'iituries have gone by 
since the (hmiiied city w.aa overwhelmed by ilie .ashes fiami 
N'esnvins. We must, coiina*. toko into consideration 
that light, has been excliideil. 'Phe Oliinc»* ciniiab.ar is so 
])Uiv ill (|ii.ality tliat it meivly najuires grinding to convert 
it into tin* well-kjiown .scarlet pigment. Veriuilion of first- 
rate (pftlily is expensive, aiyii cannot come into common 
use as an ink. 

d/e//f/(|. — One of the nio.st valued jx*ds Jias .al«a\s been 
that derived from tlie madder plant— /I'wAo/ InwUu-inll of 
I<iiiiiaMis-^.and antll c«mi)ar.atively ix*ct*iit timds “large 
tracts of land in India, .as well as in tl\gf lA'vaiit, llolland, 
and France, wA’o •devotetl to ite cnltiv.atioii, chiclly foi 
dyeing purposes. IJiit owing t-o the Hynilielicat'])n)diio- 
tion $[ its clilhf and jiMi'/turim', Jrom 
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anthriicene, tlio ciiltivation of the in[Ml(]pr plant may now 
W regarded as discarded industry. A iitli raceme' is 
derivt'd from coal-tar, and the coloiiriiig-matlcrs wliicli it 
afionls are a])paivutly identical with tlie)Se‘ foniierly 
eibtaiued from tlie maeliler plant. A f'lvht y;\i'ie‘ty of dif- 
ti'rent reds, such as iiunhh'v rttnunn^ rnsr iiHfdilrr, jdiiL 
iinnhli‘i\ hi'iHni ninf fHnph' himhhi\ are' e»]»taine‘d from 
alizarine and purpnrine'. 'I’lu* best ejiialitins are fairly 
permanent, but some of the tints aiv liable to clianjre 
their tone. The madders ce>me umlei' (’lass Jl. in I’ni- 
fessor ^7//e/v7(f'« list. 

f'nniitin. — Uamiine, a very unstable e‘ouj|)nuud pivpared 
from the cochiiie'al insect, is sometimes emplnu-el to j'ive 
a fietitifjjis brilliancy to dull n'ds. but it is so much more' 
e.\ pensive than alizarine that il does not luov ofle*n cemu* 
uneh'i’ the notice ol the ink manufacluriu’s. 

frail (h idi.- Imltaii l!nl, Torhnj Unf l*i r^imi llul, seem 
to be diflerent names for the same' thin^^ ferric e»xide'. or 
iron rust. Allhouj^b not suitable for line work wlien u'‘e'd 
by itself, it is valuable for mixtures with oilier jiij^me'uts. 
Light I'e'd and A'enetian i*eel aiv pigme'ots e»f similar tint, 
and are varieties of red ochres. 

Blue Figments. — lUfiviiuiriin is ]KTlia])s the* most 
beautiful of tlie blue pigment*^, whether il be natural. 
muile from htpis htziili, or artificial. The* artificial ultra- 
marine, one of the cheajiesi colours. i'« alone' lil.ely to conic 
under the notice' of the printer, fnk made Ireuii it is 
unsatisfactory. It will not work we‘ll, and the iinpivssions. 
even under tlm liand of a Fkilled man, are uneven and 
rough in ap]K'arance. 

J‘rit\siiiii JUifc, on tlic other hand, has many good ejiiali- 
ties to recommend it, and it innke.s a variety of useful 
tints when mixed with otlierj)igmentsji It is trar spai*ent, 
and lias great tinctoiial power, but when much diluted, or 
niaele into a li^lit tint by admixture of a wliite^jpigmt'nl, 
is seen to have' a greenish hne.% Ink iriado from J’rnssian 
blue'is* generally regarded as being pi-rjuanent, but it is 
liable, to beconu'jpale when ex|X)si*il to alkaline fumes, 
such as ammonia. For this reason Ih'.tssinn blue inks 
should v.ot by employed in the ])riniing of labels for soap 
or ether substances of an alkaline cliaractei. 
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is a permanSui blu^, but is seldcin used by the 
printer; and the same^niay be said of i^uiuju, an unstable 
colour, but one which, with certain yellows^ aflurds useful 
greens. 

Green l^||pen!s. — ur<‘pn pigments lor use in the 
printing press are generally compounded of Vnimtui hlun 
and rJuvme yelluir, both of which pigments have already 
been considered. Hut rhruniiinu ud 'uh^ a remarkabjjy stable 
compound, is also occasionally used for very tine ]>rinting, 
such as that of bank notes. • , 

Many greens, like Kmrulti tfmii, Sthie/i^^A ijmn, Vann 
tjm iu &-C., are combinations of cf»pper and arsenic, which 
are highly poisonous, 'flfc* iirst-uamed iwsseases a tint 
of great bi'aiity, which cannot becHjnalled by any combined 
pigments, but it is such a very bad working colour that it 
is not made up as a jirintiiig ink. It has, however, some- 
times lieen dusted on to a printed vaniish in the samo way 
that bronze pow'der is attached to such varnish ; but the 
practice must bt* fraught with so much danger to all con- 
cerned that only ignorance of the results to be ex])ected 
could iKii'don its emplopient in this way. 

Purple and Orange Pigments.— The other secondary 
Cfdunrs, orange and jnirple, are generally com])ounded 
From the primaries, and tlit>y do not need turtlier descrip- 
tion at our hands. An endless variety of different tones 
^ is^ pnicurabki by using the coustitnent jirimaries in 
' varied ])ro|K)rtioii8. * 

Brown Pigments.— Under the head of brown jugmout'* 
come a number of eailhs which owe their coloration 
princijially to hvn w'iifr, sueh iw, (Wi/v, amfvr, nnalykx 
hvint, Ac. These earth colours an* jienuaucnt, and are 
useful in comjiouiiding the coarser kind of printing inks. 
Hut it slmuld be 'noted that .for the printing of delicate 
half-tone blotjks such natural colours are (|iiite unsuitable. 
They alwiys retain tlieir gritty character, even after the 
most thorough grinding, awl' this has a very prejiuliciil 
effect upon«t]ie bl^iclfB, wliieli under such treatmenf ribon 
exhibit signs of wear and tear. • 

“ Art imades,^— fW such work browns of far richer 
tone and finer substance may be miwle by mixing alizarine 
and otiier ivdtvwith bl!ick,t% which may he added ch roue 
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yellow, l^'nssian blue, bn^ othi^r colours. So-called 

art shades ” in printing inks, tna^e up of secondary and 
tertiary colours with a a*rtain ailmixtui-e of black to 
sadden the general tone, are now much in vogue. If the 
eoinponeiit colours be carefully selecU'd,* a l)fdi-tone block 
printed in one of these inks, provided that it< has }ilenty of 
contrast between full shallow and light tint, appears as if 
produced by two ])rintingis. Such inks liave been described 
for this reason ns fhulJt-foih inks. 

It* may be mentioned hen* that such colours as 
nmh'r. iVc., which are rich in oxygen, do not ref|uire the 
addition of any se])arate diying inediipu when used in the 
manufacture of printing ink. 

TllHKli-CoLOt K PkIMJXH. 

Trichromatic Printing.— Jt is when we come to con- 
sider the effect of the introduction of the process block 
upon colour work tliat we lind changes of the most 
radical character, not, of course, in the j)rodiicti(in of mere 
monochrome iii^iressions, but in the practice of the 
three-cokmr, or, as it is often wdled, thi* trichromatic 
method of block printing. 

It is not within thi* scope of this work to consider how 
far the modern three-colour method of printing will 
sujiersede chromo-lithography; prfdjably there will U* 
found an ample field of enijdoyment 'for Iwtli jiroceases. 
But it will be necessary to give a brief outlino of the 
principles ujion which this modem method of producing 
pictures iu colour depends. Like the halMoiie process 
block, the three-colour method of ])rinting is horn of the 
art of ])hotogi'ai)hy. 

Photographic Falsification of Colour. It has long 
been known that the photographic plate gives a very 
false rendering of coloured objects, blue and violet being 
represented as wliile, while tb'* warmei* tints are sliown as 
black. To understand the underlying cause of this falsi- 
fication it is necessary to refer to l''ig. which repre- 
sents the solar spectrum in triplicate*, iln the ci'ntre it is 
showif diagramniatically in the usual manner, with the 
pNiK’ipal Frauenhofer linest marked by initial > letters. 
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Also indicated in tbuT'liagrain^aro the prismatic colonrs, 
from violet to red. Above the diagram tlie graduated* 
strip sliowfl how tho spectrum appears to«tlio eye, the 
greatest intensity* of the liglit culinintliug ^n thoyelltw 
region, and fdJing away gradnaJIy into tlie red at one end 
juid into the violet at the other end of tlie setile. 

Ilolow the diagram we see a similar graduated strip, 
representing llie solar apectrnm as rejiroduced on tlie 
photograiiliic ])]a(e, and we are able to note at once that 
the jilace (»f graatost. intensity is not near the j^liow 
region, but is far away at tl?»* violet end of tlie siiectrnni. 
This is a graphic ninnner *1 explaining why iqwm 1 h(‘ 
pliotograpliic picture bine ifft'qwesenled as white, and given, 
yellow and red as iiluck, (tr nearly so. 

Isochromalitc Platea.—'ro Professor /e;/// is due the 
discoveiy that, by iissociatiug \vith the gelatine emul- 
sion which constitutes the surface of a j)hologiiiphic 
])late ceilaiii aniline dyes, its simsitiveness to nhat we 
generally cull the wanner colours of tlio siiectrum is 
inucli iiicnotsed. 'I'lieM* plate's are known as isoi’liro- 
matic or oHho-chromatie, 1111(1 are usihI in the camera in 
conjunct ion with a colon n‘d screen. The exact position 
of this screen is unimportant, hut a convenient plan is 
to mount the lens of the camera upon a kind of false 
front witli a slit heliiud it in which the screen can be 
^lynerted * ^ 

Coloured Screens. -A simple yellow’ screen or filter 
consisting of a glass trough holding coloured iiijiiid, or 
more conveniently n glass plate coated with coloiiix'd 
gelatine, will, in conjunction with an isodiroiiiatic plate, 
be of stuwice in m'dinar}’ landscape work. For example, 
the lirillii'int yelloiv blossoms of gorse in the springtime 
would ]jt< represented .as black by an ordinar) plate, but 
with the isocliromatic plate and sciven they would be 
almost wlii|e. The ailiage tints of antiiinii c^n also be now 
rendeix'd in a ninfiner far nllire true to nature tlian yas 
IWR^ible bcfoi’e Jbid'eiftor Vitgrr, discovery. 

^otoguph^ end Coloured Objocts^lbit when we 
come to tno rep^setitation by ])hologmphy of oi| and 
water-colour jiicturo^, mid dilToreiit works of art in»\vhich 
colour ii an im]ior||^it lea^iffe, far more care ifl necessafy 
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in the selectioil of n firoper light filter. The word 
filter is used advisedly, for the function of Ihe screen 
is to prevent certain rays passing it, while it gives j)as- 
sage to olh^. J^n other words, the Required colour is 
filtered from its associated tints. o 

Clork-M azwell*B Work. — The pioneer in this work was 
J*rofcssor i^l^'d-MoftreU, who us long ago ns the year 1861 
showed in an im[)erfect manner, for the isochromatic 
plate had not yet been conceived, that three ])ictures 
photfjgraphed from one coloured original, but each under 
a differently coloured screen'-or filter, would, when com- 
bined under suitable coloured lights, amalgamate into a 
fair re])re8<*ntation of the obj'ed.. j)hotogra])hed. Mtu'urlPn 



colour ctir\’e8 liave formed tlie basis of all work in this 
direction since ids time. A representation of these curves 
is given at Fig. 41. We here w.*e the projfortion of 
the s])eetriini of which each of the tliree-cnlour filters 
should consist, the ivd taking in a certain part of tho 
yelh)W and green, the green overlai)pmg the red and 
bine, while tlie bluo comprises the violet and pf.rt of tlie 
green. 

Colour Scyoons or Piltors.— Ry mixtures; of certain 
aniline dyes, and staining wll h them glass ]ilate8 coated 
wifli gelatine, screens or light filters 'car. Im> made, to closely 
apjiroximafe in ^int to Maxwell’s ciirvefc. • In photograph- 
ing a coloured object, say an oil pafii^ig, tliree negatives 
are made, eacli uiidor its respectijire 'colour filter. From 
those, negatives lialf-tone blocks arej[)r(‘pfl[red,iiii(Mtisthe 
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printer’s business to s i)erp(»ie tbe images from those ^ 
blocks in three coloureJ impressions so to give a lair* 
representation of ^lio ori;^iial coloui^d objecft 

Coloured Light. — In dealing with . olouied light ^e 
find that if wi mingle aim a sci'eentlie colours red, green 
and blui*, fruuj ilnvu lanterns wo produce whil«‘, or an 
approach 1 hereto, for white light is comi)Osc<l of all the 
colours of the spectrum. Hat if we mix together pigm»*nts 
ot the same tones we produce black. In the one case W(' 
ar(^ working with coloured lights, and in the other ‘with 
coloured shadows. And when wo come to handle pig^ 
ments such a.? are emjdoyed by iiaiiiters, and in tlie manu- 
facture of ]u*iiiting ink, we must regard as primary or 
fouiidati(»n colours, hliie, red. and ytdlow. 

Pure Pigments unknown.— There is unfortunately no 
such thing as an nl)S(jluiely pare pigmenl, and we can 
never hope really to match the rainlxjw colours of the 
prism, (Jtli(*rwise it would be [mssible to follow with 
some accuracy the gnido afforded by Alaxwell’s curves. 
The ideal pigments for printing in three c<‘lour8 have 
yet to Is' found ; and ink makers are so alive to the 
iuinoptauce of tho subject that they are devoting much 
attent'uii to the piudiictioii of inks which shall, us far 
as possible, come up to tlio scloutific standanl. 

Gfeneral Considerations. — The difficulty with which 
printers have hitlieito had to deal is that the ink makers 
have nut worked hand in hand with the makers of light 
filters to reach one common goal. The colours of screens 
and of the inks to be associated with them should Ix' fixed 
and uiialkTalile. Mauy workers have been in favour of 
producing the tlm^e inks in the firat place, taking care that 
the pigments arc as pure iii tone as it i8]}Ossible to procure 
them, aiiTl then of nda]Hing the colonr screens or filters 
to the pigments so chosen. At present the^^^ seems to bo 
ranch coiifasion reigning, owiijg to so many workers acting 
independently of *one^ another ; and it thns comes al^nt 
that A.'s blocks ^1 give resnlts with inks made ly U., 
which are.not‘pOffii\de if B.’b inks are *11860. 'I’hatthis 
confusion is qnitelfeneGessaiy must be aiqiarent when we 
remember that, the raa-rt colours of tbe inks and screens 
are based u])on bcitfiftific principles. 
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Examination of Tri^romatic Prints. -In drawing 
this cliaptor to at poiicliismn, wenviy uoti" that those who 
would get a fair idea of the wuy^'ii wliicli w'])arate process 
l)h»eks can Jn* iiivde by three ]>riutiiigs to gi\e all the 
varied tints of a iwlychroniatie original olf-cl, will learn 
fur more liy live minutes’ can'fiil examination of a good 
speeimeu of thife-eolour printing than they can from 
many pages of description. 

To examine the print a g{)Otl magnifying glass is needed, 
for iVis refjuisite tf» sejianib* tlie dots of ^\liich the picini’e 
is conipused, and to note their colour ami relation to one 
another. 

The Half-tone Dot.— As' in all half-tone lloeks, theso 
dots an* large and crowded together in the shudows, and 
comparatively small and widely sejiarated in the lights. 
In the deeiiest shadows of all the dots. \ellt)W. red. and 
liliie are Kuper]»nsed one on the olher to form a near 
approach to Idack. Tii other places we lind two dots of 
diliereiit colours printed ah(»>e one another, and giving 
just the same effect us tlie same two colours mingled on a 
palette. J ii other places >ve find dots of different colours 
placed ill juxtaposition so that tin* eye mixes them into 
a compound tint. 

Eocossity for Transparent Inks.— Now i( is obvious 
that one of the first reqriisife's of the inks used for these 
hnilt-up tones i.^ that they should pos.sess transjiareiie;, .■ 
All opa«pie coloiir, like irnmliun or itl/ivmii'nn', would at 
once blot, out anything already printed liemx’itli it. We 
can tlierefon* say at once llint such colours are inad- 
missible fortbih class of work. 

Opacity of Yellow Pigments.— The yellow must bi* of 
a sulphur hue, and it is not easy to liii. u|K) 1 i exactly the 
right ])igiiient. A traiis]K»*nt yellovf is not at ]’)resi*nt to 
he found which is siiitahie, but the diiliciilty of o])acity is 
])artly overcopie ]>y printing the yellow block t rst. Next 
ill order comes the red, and fliero is nothing better than 
tilt' madder lake which is producecT f/oui alizarine. AVe 
lia\o already sw-n that its pennauency is good/ and it is a 
very trana))ai*ent colour. For bine wo Vnnst use Prussian 
blue, and, as far as |)ossib1e, tbo tl>rdl‘ colours mnst be bo 
cflmpounded that they possefc equal cp^'emig pow^r. 
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Supplementary K y Biook.— Sojne workers have 
advocatud tlie use of a siipplenientaiy key block printed in 
black or browii^ in a(]|Llition to Uie nsuEd trichromatic 
blocks, lint this can only bo nrcoasa y wlvu the original 
sci’eens, or tiie coloured inks, are at fault, or when the 
screens do not represent, truly the coinplcMnentaries of the 
colours used. If the right eolonrs are employed the 
superposition of the three inks should produce black, and 
different shades of grey should be |K)ssible by varjiiig the 
])roportious of each. The key block is regarded by the 
foremost workers as a siipi-rllnity. 

Inks vou am» Rank Notes. 

Vnder the h(‘ad of “ Printing inks that change colour 
on the application of an acid,” Numyr* ttlls us of a black 
ink, the method of making which was for a long time kept 
a ])rofound siwet “ by one house in the city of London,’' 
which was designed to prevent frandulent. alterations in 
bankers’ c1k><|U(>s, il'C. And he suggests that, in addition 
to this precaution, t.lie whole paper of such documents 
should be covered with a delicate lace pattern in a light- 
coloured ink, so that should any attempt be made to 
rouiove writing upon such a diuft by means of acid, the 
pattern and the printed words would disappear as w'ell as 
the writing ink. 'The black ink, for which he famishes a 
reci|H), is mode of gulls, iron, and h^gwoud, which is pre- 
cipitated. dried, and ground w'iih soap, turpentine, and 
balsam of capivi. 

For the purpose* of prititing the lace-like pattern over 
the surface of the paper he* recommends the lake of com- 
merce, groimd uy with vamisli and a largi* proportion of curd 
soap. Allis ink he actually tried, and found iliat it would 
not resist oxalic acid, but he states that any colour of 
vegetable origin miglit lx* ada])tBd to the same purpose, 
lie expresses tin hope tIii.t,*from the hiiita which he has 
given, the siibjent itill be pursued and the metlidd biade 
p^ect-T^nd flssei't.s that if he shonhb thus ]irove to be 
the means of profiting the commission of crime, it would 
be a source of tli^i^hest gratifitxition to him. 

of lYmtimj Ink, 1833. 
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In the earliest' attempts to gnard against fraud b}* 
rilterationfi in clie(|nes, Ac., attention was directed to 
the writing hik to be uR(*d, njid numerons so-called 
“ Brfi'ety inks V (p. ^07) were devised. Obviously, how- 
ever, such inks would only be used to a limited extent, 
and the necessity for them boa lieen largely obviated by 
the introduction of various met hods of printing the 
groundwork of the elie(|ne with s|iecial inks that would 
perninncutly change colour on the addition of any of 
the 'j}(iial reagcnitH employed to remove ordinary iron 
gall inks. 

Patent Inks for Cheques, &c.— ])roc^ss ])atented by 
Srroiiifini (Eng. Pat., No. 1744; *1857) devised to pre- 
vent the counterfeiting of bankers’ drafts and other docu- 
ments by photography. Two or nioi’e colours were used, 
each of wJucb “alworbed light.” The groundwork of 
the note was printed in one of these (r ij . yellow, red or 
orangel, whilst the other was made into an ink for ])rinting 
the design and ligures on the note, and was ns fugitive* as 
the ground colour. An ink of this type consisted of iron 
hydroxide and gallic acid ground in boiled linseed oil. 
Documents thus printed gave only a blunged photogra])hic 
copy, whilst any attcinjits to remove the ground c()lonr 
Bimultaueously removed the design. discovery* of 

colour sensitive plates destroys whatever value there was 
iu this invention. 

In Mm'n patent (Eng. J*at., No. 348; 1859) the jiaper 
]}nlp for the notes was incortmrated with a pigment, such 
as chromium oxide or burnt clay ; whilst an iuk for ]irint- 
ing the notes contained burnt Chinn or other clay and 
sulphur, with or without a pigment. It was staled that 
any attempt to remove the colour or i)rinting would render 
the note useless for circuiatio.i. 

A permanent printing ink for bank notes invented by 
Edison (Kng. Pat., No. 3204; 1863) consisted of a com- 
pound of stannic oxide with throniiuiu ‘oxide or other 
metallic oxide. ’ *' 

In 1876 Pinl'MH (Eng. Pat., No. 4470) craimeii a pro- 
cess of treating the note with a substmic'/xhat would form 
an iuBolable comjjouud with ordinary writing ink, and 
meiftioned in particular solulhe non-jpliquescent lerro- 
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and ferri-c}'anides witii an anilfiie or vegetable colonr us 
snitabk* for the ])nri)op,e. • • 

In XM'x patent (No. 4204; 1879) ordinary litho- 
graphic ink wiiH* dried, powdored, and inj^xod with lau 
aniline dye soluble in wat(*r, tho whole being mixed 
with tnr]ientme. or otliiT lifjiiid which would not dissolve 
the anilun* dye-stuil' ('he(|ue.s printed with this ink would 
be Hmeaitnl 011 a])plying any aqueous reagent to remove 
writing. 

A special method of prej){iriug paper for cheqiwii bv 
inirnersion in co])per sul])hate and aninionium carbonate 
solution, and subsequently in an alkaline solution of 
cochineal with aluni and ^Ijceiin, was provisionally pro- 
tected by llmhhn (Eng. Pat., No. 4997 » ^^ 79 )- 
jmper would change colonr 011 contact with the reagents 
used to remove writing ink. 

A proce.ss with the sanu* end in view was patented by 
Ihqin' ••ml Ili'Juu r (Eng. Pat., No. 375 ; 1 881). 'I'lio pre- 
paration used for priiitbig the note consisted of a sulphide 
inscduble in water, but acted on by dilute acids (f.f/., /<inc 
sulphide), with lead carlxinate or other salt of a heavy 
metal. Tin* mixtii re was worked into a luiste with glycerin, 
treacle, and gum arabic, and could be usi'd for printing 
invisible characters on the clu'ipu*, or added to the coloured 
paste for print iug the groundwork. On applying acid, 
jdkali, or c^lmide to a cheque tlius treated, dark stains 
would be pi'odnced immediately. 

A method of ])reventing the obliteration of printing ink 
by means of solvents for oils, and esixicially tho cancelling 
marks on postage stanqis, was devised by (Eng. Pat. 
No. 949 ; 1883). It consisted of the use of a printing ink 
prepared by incoiqioratiiig an extract of alkanet root with 
oil. Any attenijits to remove ordinary printing ink would 
blur tlie printing done with this ink. In 1 896 Wehb (Eng. 
Pat., No.; 6,992) patented an aniline safety ink for copper 
and steel-plate printing of elfeijiies and the like. 
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i'XKS FOU JI1H,0ELLANE()1'S 
PlTUPO,BES. 


CIUTTKI! 

rorvixil IVK-i. 

^'o^’Tl:Nl^.--V(^ri••H^ toj»\in!r ink'— p!it*nl ink — 

-('opjiiitf ink jM'iM II^ -Miiintiilil ninMim 

Ml 1ST writinjf inks are cajiable of yicltliug one or nion* 
CO] lies when pressed with a suiiable moist ])appr soon after 
writing. Thus an ordinary iron gall ink of tin* old typo 
will give a faint copy Ijefore it has bi‘Conip completely 
oxidised, but when onco the pigmoii^. has become com- 
pletely insoluble copies can no longer bo taken. 

As the proce.ss of copying tends to inaKo the original 
writing too faint, it is necessary to have an additional 
quantity of pigment in tlio ink, togetlier wit-h a certain 
proportion of gum or other adhe.sivo material to attach this 
excess of colouring-matter to the surfa(jo*of the psiper, and 
to protect it from too rapid Oxidation. 

In the case of " aliriHrine ” inks the iron taunate becomes 
in.'Joliible as the writing drie^, Imt the iudifjb remains 
feofuye in water, so that a faint blue fopy can lie taken at 
any subsequent period by pres.sing the \iTititi|f with a 
damp sheet of pafier. 

Logwood inks yield i*eddi.sh-grey coui^i which gradually 
oxidise 'and become black. JMieu rtie writing Is com- 
pletely dry only faint cojiies can be talw.a. 
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Di'xtrin is sonictiui s Hm|iioyed in of gimi to form 
n sort of vaniihli ove» tin* writing to ]itevfnt early oxida- 
tion. Sugar, loj), is f|^‘<jueiitly ailded lorttlie same jmr-^ 
pose, hut lias tho drawback of leavii g tli^ writing aiore 
or U‘Sh fiticfrj. 

/’//v//’ coii>Idera that many copying ink.s contain too 
large a proportion of adlu*.*!i\e siihslaiici*. and is of opinion 
that from 30 to 50 irrms. (»f gum arahie per litre is (jiiite 
snilicient for a good ink. 

A small amount of glycerin is a common const itlldiit of 
copying ink. its object llfung to ]uvvent the gnm fi-om 
altogether drying. If. ho \ever, it be added in too large 
an e\ee.ss the ink will Mnt<lf^e, ah is the case with a certain 
cominei'cial j'opying ink that eonlains us much as a third 
of glycerin. 

lilven in copying ink (////m) the ])i*oportion of 

glyceiin ( 120 grins, per litre) is too high, and in rinlt'n 
opinion itnly a .sL\l.h of thus amount is retjuired 1<> make an 
exctdleiil cojiying ink 011 those lines. 

Speaking generally, iron gall and logwood inks should 
contain fnun to 40 per cent, less water than inks 
of the same formnlii intended for use as writing inks 
only. 

•Vaiious Copying Inks.— Of the numerons published 
formula' for copying inks tho following are selected as 
•typical, whilst ot-l^-rs can ejisily be calcidated by modify- 
ing the com])o.sitioii of writing inks given (pi). 99), 

ill accordance with the general coiisiderations given 
above: — 

JnL\ — Log^vood extract, 
250 grins ; iron siilpliute, 17 grms. ; copper sulphate, 
17 grins.: .*11111(1, icx) gmis. ; and sugar. 50 grms., in a 
litre of boiling water. The elution is siibserjueutly mixed 
with i() grms. of ]K)tasRiiim chromate, 100 grms. of 
glycerin^ and 100 grms. of sulpliindigotig acid. 

Jiulljfrrit .tin III LHfuM Copnintf InL \ — One jiaft of 
alum, 2 of cop]t*r*sul])liate, and 4 cf logwood ejftract are 
boiled mvit 11*48 p^rts of water, and the solution illtei'ed. 

* /mli/t, Jovrit^ 1875, o-xvii. 148. 
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(Jopies made with' this int are faiut at first, but. soon 
hVcfJiiie dark. » 

A later modification of this ink ijas made by Jiiifliiir* in 
tbe <fol]o\\iiipf planner I-' Logwood extract 30 grins, and 
'crYstalline sodium carbonate, 8 grnis. are^^iiled with 
250 c.c. of water, and the solution mixed with 30 grins, of 
glycerin (sp. gr. 1.25), I grm. of potassium chromate, 
8 gi-ms. ef powdertnl gimi arabic, and (prefc'rably) about 
I grin, of copper auljdiate to strengthen the colour. 

VnU'tilFnni'h 6V)y«/i«^ /n/i.t — (lalls, 10 grins.; 
ferrous Kuljiliate, lOO grms. ; &ud logwood, 300 grins. ; 
are boiled with li litres of water down t o l litre*. 'ITie 
solution is then mixed with I50 grm.s. of molasses, 
15 grins, of giiin, and 50 grms. of alcohol containing 
5 grms. of an ess(*ntial oil a.s presenative. 

J)iih'rii‘Ji8 J'lofff hOffit'oiHl ywl’.j— liOgwood o.Ktract 
solution (20 jier cent.J, 600 ; siilpbiiric acid. 0*5 ; mixed 
with a solution of alnmininm sulphate, 40; oxalic acid, 
40 ; iiotashiiiui carbonate*, 40 ; jiotassinin bichromate, 4 ; 
and phenol, 3 ; in 250 parts ot water. This ink yields 
excellent cxjpies. 

Dirtn'irh'a (,'nll Cnpifiii;f ///K— M/Ar/r/i § has prepared 
copying inks from oxidised gall extract and oxidi^ied 
tannin solution j»re|)ai'ed as de.scribed on p. (jO. • 

Jihni (h'nliml Gall Jd'.—goo jsirls of the oxidised gall 
extract w’itli 4 of sulphuric acid fsp. gr. 1.835) and Co- 
of fen^jus sulphate, decanted after three weeks and diluted 
to a litre. 

Jihtd' (hifh'sti/ 7)nnnti ////.”— (ioo parts of oxidised 
tannin solution mixed with a solution of Oo ]>nrtH of 
ferrous sulphate in 350 jKU'ts c»f water, filtered after 
three weeks and diluted to a litri*. » 

For coloured copying inks, •.these iukS are mi.\etl with 
various aniline dyes, such as iibenol bine 2'5 partes per 
litre ; 6 of roiicej^u red ; 6 of aniline green ; i -5 ol phenol 
blue^and 2’5 of aniline green ’(for blue^gi eeii) ; r5 of 
phenol* bhie and 2.0 of Ponceau red (for‘viti<‘t ), &c. 

/JiHfflrr't fHi/fft, JoMm., 75 . 

t WntjHft'it Jahmlier,^ 1S73, xix. 
t Pharm. Muwal^ 1897. ]). OSj * 
r //;/d. p. f) 83 . ’ 
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Jtnilinr Voitymj A '.a — M any of thft commercial copy- 
ing inks are prepareo from aniline cojonrs, which, being 
soluble in water aiiJ not undergoing oxidation, enable 
copies to be taken at ally subsequent perioj. 

giv^is the following forifialro fbr such aniline, 
copying inks : — 

VidH.^io of methyl violet, 3 11, in 940 of warm water, 
with 10 of sugar, and 2 of oxalic acid. « 

III ill'.— 10 of resorcin blue in 950 of water, with 10 of 
sugar and 2 of oxalic acid. • , 

yiVd.— Kosin, 25; augal* 30, in 100 of cold water; 
subsequently filtiTt'l. 

The following dye-stulfs* nanufartured by the htnliivhe 
Comphiji artk suitable for copying inks : — 

V'miti laU. — (n) (^niiital the hydrochloride of 

h('xainethyl]Mirarosaiuliue. 

(h) VM 0 and ITT. extra N, which are of 

similar clieuiical composition. 

Gmn (Jrtva, J1 and G (f/. p. 117). 

Ut'd hiL'i. — Diamond Miujnda and Maj/ntfa rtnnirr, 
which are mixtures of the hydi’ochloride and 
acetate* ot iMirorosaiiiline, and the corresponding 
sails of rosaniline res])ectively. 
tSaftvninf T. t'ji'tra, lieing phenyl- and tolyl-tolu- 
safi^min chlorides. 

Bind' Inh . — .f combination of the above violets, 
greens, and reds with chrysoidino (diamido- 
o/oben/ol liydrochloride) yields a black co])ying 
ink. 

Patent Copying Inks. — Numerous Ilritisli jiatents 
have been taken out for the preparation of copying inks 
and pJ[iers, of which the •following are the more im- 
portant.^ The modern method of copying by means of 
jnessure* and a special ink is dne to WiUtj the 

engineer (Mug. I’nt., No. i!?44 ; whose copying jfresa 
was of the san# ^rm as in use to-day. The ndfliuoii of 
glyceriftwoslirst qjaimed by Jfmrff {VjRff. I’at, No. 1132, 
1858), whilst (Eng. Pal., No. 1213 j 1862) added . 

PhttPm. .Vfmnah 1897, p. O87. 



190 INKS AND THEIR MANUFACTURE 

uiolnsses and an o.\traet of* nUM-mwlt seeds, in addition tc 
jidyceriii. The use of* glycerin was also clainied by 117 //- 
i 4 m> (Eiig. Fat., 1996; i85iS),bv ('wb (Kiig. ]'al.,No.47 ; 

and lij’ fW// (Kiig. I‘at.**No. 324;; I1S91). Tn 
('iiiinnl mul patent (No. 201 r, iljv'-), indigo 

carmine, aniline black, glycerin and inagnesinin chloride 
are added to an ordinary imn gall ink; whilst flu* addition 
of a delhjiiesceiij salt, such as animoninin nitrate, with the 
glycerin' is jn’otected by (Kng. Pat., No. 10,401, 

Aniline dye-stulTa enter into, the composition of several 
of the patented inks, that of Kinitj'nr omlllnKul, (Miig. 
Pal., No. 4606; hSycS), con.sjstpig solely of an aqiieouH 
or alcoholic .solution of an aniline colour. 

Copying ink.s in the form of a pwder wn* patented 
b\ AV/)*/#/ (Kiig. Pat., No. 074: iSyAj and b\ Jamhw/ni 
(kng. Pat., No. 1580; iSySj.llie latter being jMepared b\ 
evap/irating to dryness a ‘‘Oluticn of aihline dye with 
sugar, glim, Ac. 

Copying Papers.— Of special eojiying piqii-rs that of 
y*////(/ (Kiig. J*at., No. 10,905; J1S90) was ])repared by 
treating paper with a .saturated solution of gallic acid, 
and was used with an iron ink. In Jlinlx' ])atent (No. 
17,373 : iScjOjjtlie ]m|H*r consists of tissue |)aper satiirajed 
with a solution of loaf sugar and silver nitrate in a 
nilxtui'eof water and glycerin, whilst the ink* is an iron 
gall logA’O'/d ink containing tdycerin affd \i*getable black. 
Roth of the above inks aiv .stated not to re<piire a copy- 
ing prc&.s. 

Another special copying paper is that prob'cled by 
/Irmrn (Kiig. Pat , No. 3807 ; 1900), which is coatiHl on one 
side witli hardened gelatin, and 011 the othm’ with a 
deli(|uescent salt such as calcium i*lilorid« 'and a soltitiun of 
a substance not afleeted l>y onlinory ink. This paper does 
not rcijiiin* dainjiiug. » 

Copying Ink*Pencils,— Thcfi'coiisi.'sl of a base, siicli as 
pow'dw'wl grojiliite and kaolin clfi\ nii.>i*d^with a verj- con- 
centrated solution of methyl vhdel or othe* aniline dye- 
stuff into a paste, wliic.li is pressed inti) i‘.icks and dried. 
In VniH’y ojiinion tb« nee of gnni a^m; as a binding 
JhHifIrrit jMtliff. Joi'r r 187 ^ \ 1. yf]. 
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material is less suit#l*lp. l^^viaioiial ])rotection was 
claimed by /V/// '’at., No. 4090, 1874) ^or a copying 

ink ])eiicil pi'opared in4<liia way. - • 

Manifold Copying g Apparatus. — Tlio well-known 
simple ai)])ai‘atus l^now n as a t/niph isromp^sed oi‘ a Ktifl 
gelatin bea^^bicli i-eciives tbe im])res8iou of the writing 
and enables sev«*ral copies to be taken. The ink usually 
consists of an a(jiu*ons solution (»f uietlijl violet or other 
soluble aniline dye This typ* of copying njy[)arat.U8 was 
patented by in 1.S79 (Kng. I’at., No. J256), the 

block consisting of gt^latiii, glyc(‘rin, inolassi's or ffuf^ar, 
acetic acid, <and irrm oxid^, with s(^ium bisulphite to 
prevent decomposition of the gelatin. Special aniline 
and metallic inks for niiftiifeld co|>yiiig apparatus were 
also patented Jiy HnnU (Kng. Pal., No. 4187; 1879). 

Another copying apjwratus of the same type, protected 
by Si'hiitill fl’lng. Pal., No. 948; 1881), contained glyceiin 
and cliruiue alum in the jelly, whilst tbe ink contaiiKMl a 
colour, such as indigo and a uranium salt, and iiad a 
chemical action on the U'd. ITie impression produced on 
the Ik «1 was cfijiable of receiving ]>rintiiig ink. Tl)e 
drawl)ackor pelaliii co])ying apparotiis is that the jelly 
fusni l)ecomes saturated with iiie aniline ink and is no 
longer capable of yielding clean copies. This is obviated 
in tthe apparatus ])iotected by ( Ibig. Pat., No. 7149; 
1888), w'hich consists of a slab composed of a mixture of 
rhina clay, slareli.gglycerin, and water, from which the 
impression can ))e cxunpletelv reinoviHl by means of a 
s])ouge after iiw*. Tlie ink is a soluthm of an aniline 
colour ill a mi\tiire of water, alcohol, and hydrochloric 
acid. 
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.MAltKIX({ INKS. 

CoNTKNTs.— TJif ink plan! nl' Ni-w (iniixnla -Tin* liii}i:iii 
iiiarkiii" tint Tin* Cithlicu nut- lihus toMduh'inlroii -Ithiis 
vein*nafc‘i- Rln^ rnilicaint Olhfr y‘i;(‘tul)l(* jiint**— Chemical 
marking inks— Sitwr inkh- (tMil niarkni); ink^ I'lntiiiiitii 
iiiurkint; inks- Markiuirinkrt nmtuiniii!; ntliiT Vinliin* 

marking iiikv— liniigiitiii marking inkh - MisEiiintn- markmi; 
ink K^aminutiini nf iiairking ink -Marking ink iH*iiril». 

NaTI KAL VwiKTAHkK ImVS 

NuMKfioriS plants mitoin a jiiict*, ^vhic]l is oxidist d un 
exposure to the air, yielding black or brown pigments, 
often of great dnrabilit} ; and such natural inks liave lieen 
employed in various parts of the world, either for ivriling 
or for marking linen. 

JuiiU'h'J* quoting from ancient Chinese documents, slates 
that ])rior to alxmt 2697 i{.r. the Chiuese used n kind of 
vegetable varni.sh for ink, and not the protluct which isnw. 
known as Chinese or Indian ink. It is ])robable that this 
ink was the juice of a spedes of Jtlntu [I'hh in/iv). 

The Ink Plant of Now Granada- Aeconling to 
Jahmuui'f the juice of (Wun-hi ihi/uiijhlnt, known locally 
tadmcif or the “ink plant,” is at first red, but rapidly 
changes in colour, becoming deep black ’u a few Louis. 

The juice can be used ns mk withoub any treat dent, and 
gives a ven* stable writing, whieh is not iilTected by sea- 
water. Jnhimji states that all the oldei* doc meiits in 
Sfftmish South America were* Written with this ink. 

It^WiiLso a native of New Zealand, V^.ere too it goes by 
the name of the Vink plant.” 

• /wv. nt.. Iiitnid. ]». x. 

• + / HitrrMf t'grhiiHfiui, X»*w V<>rk/TiS<)}. iirt. Id. 

J Sniitli, r/ ZAv/xf/wf. yVf/ifin, |i. 152. 
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The Indian Markh-g ]!Tut.-*-Tiie fruit of the Indian 
tree Jutuvntltim urn-, !nh‘, which is iijw leniied Snni-^ 
rnrjn>'i unnnin/nmi (Fi[,. 42), baa long he'‘nJvnowu ns the 
“ njarking nut," from tli% fact, that its juice makes a 
dark and dfkr-. Me tjlain on linen or ])ai)ir. 



Km. liwliau tiuirkiii^ nut {^Si'mniirjuis nnacarii'nim). 

The tree is found tjiroughout the hotter parts of India, 
though not in ^‘eyion, and is nlso met with in the West 
Indies and in Northewi Australia. The ripe, fruit is yellow 
in colour, and is eatej after roasting by the native^. As 
met wiih in co*nmerce it is $, black oval or heart^haped 
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Bobstance, &bont'2 cm. in length, and the some in breadth, 
and I cm. thick. The white kernel is covered by a reddisli 
pellicle. 

The native^ prepare the ink from the nniipe fruit, and 
use it when mixed with quick lime for uiarkhif' cotton and 
linen, on which it produces a very permanent mark.’ 
'JTie dried juice is also e.\tensively employed in the 
manufrctiire of a block varnish. 

found that the juice recpiired warming to make 
it flo”' freely. The writing done with it was iirst n*ddisli 
brown, but rapidly became dtep black and was very in- 
delible. 

The brown oil from the m<‘scif;arii disRolve.s in potassium 
hydroxide solution, giving a green solution, wliilst the 
alcoholic solution becomes black on the adciition of l)asic 
lead acetate. 

The juice has a very irritant action upon the skin, 
producing symptoms similar to eczema, and the same 
eifect is said to be produced by the fumes given oil on 
roasting the nut. 

We have made a number of experiments with the dried 
nuts. The black viscous juice surmimding the kernel of 
these had a characteristic aromatic odour and pi'oduced 
a light brown stain, which gradually darkened on expqsure 
to the air. 

A decoction of the broken nuts in boiling w'aU>r 
rendered alkaline with ammonia yielded a dark tluid, ami 
the characters made with this on paper or linen weiv 
dark brown, and very resistant to the action of reagents. 
ITiey were not removed by bromine, oxalic acid, oi* 
hydrochloric acid, whilst alkalie.s rendered them darker. 
They were soluble, however, in ether. . 

Kiiult'sl method of preparing the* ink was tb extract 
the nut with a mixture of absolute alcohol aud sulphuric 
ether to evaporate the extract to the required q/usistency. 
The writing 'done with tliia lluid oi> the linen was 
moi&t^ed with lime water or an alktdine solution to turn 
it black. KlufU , found that it was ca[jal!e of resisting 

* cTiiutw^ ft murk, au(f xaproi -irnit. 
t Philmnphini-TerhinrHM. uCg. |i. 329 
j JHHijlrrn /tHlffi.Jiiin'H., 158. 
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boiling with hydrocfi oric aci3 and pdtassinm chlorate, 
though rendered faint, by the treatment# 

The Cashew Nut. — 'yiia itt the fruit of another member 
of tho Aiutrtfnlhttrtr, ^1. wnihninje a t^e Homewhat 



|ip. 43.— I’jihhuw 11 ut neaMale), 


resembling the waliflit in size and api)earance (Fig/ 43 ). 
It is foiL'd in ludia^ tho "Webt Indies, a^id tropical parts 
of South America. • 

The kidney-sliaped 'ruit is about an inch in length, and 
projods from a’ deshj pear-Aaped frnit-stalk. The mi&y 
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juice in the ftteiii of the tre^ becoiiteii hard and black on 
e\])o.sure to the nir, and is used IcH'ally os a varnish. 

Irtris* ill i;’()3 found that the dark viscous juice within 
the nut wlieu apnlied to cotton or liucn j^uve a brown 
stain, wliich Wc'ls very permanent, but did' -not lieconie 
black ii])ou cx[Kwnrc to the air. 

The brown oil in the fruit is soluble in potassinin 
hydrox'de solution. On treat iii*; an alcoholic solution 
with basic lead acetate a red ])r<*cii)itate is obtaineil. 

In* 11^47 scpaiiited a vesicatin#^ jirinciple, 

which he termed f’urtlo/ and a reddish lellow 

oil, which he termed Jimrunln tmil. 

Elms toxioodondron.-' -This js a poisonous plant, orijrin- 
ally indij»enous to N. America, when' it was known ns the 
•■jioi«ion tree" by the natives of Carolina, to .lapan, 
where the juice has loiiff lieen used as a varnish. f 

The milky juice raindly darkens on exposure to the air, 
and lias fre(|ucntly been recomnMMitled as an indelible ink, 
esijcciftlly for marking linen. Thus tin* .l/e-.M/sJ 
stated that he liad made expriments on this ])oint, and 
found that tlie writing still remained black after live 
years, (luring which jieruKi the linen was repeatedly 
washed. 

The plant, which is also known a« the //v/^uml 
y«i/v»/r (Ktf,. grows to a lieight of several feet, and 
produces small green tiowers (I’ig. 4.^). 'I’iie leaves aje 
employed commercially in the inaniifadure of a black 
stain, and are collected for this juirixise from ^lay to 
July, whilst the plant is in Idooni. The juice of 1h(^ leaves 
will raise a bli.ster on tlie skin within forty-eight, hours, 
and even tlic vapours given olf by the living plant, 
especially by night, prodnee vesicular erujitions on the 
skins (jf certain pople pe(w]iarly sensitive to its effects. 
Pn/rJur found that the acrimonious vapours emitted 
during the iiiglit contained liydrocarbons, ^jid would 
Ignite when brought into contact with a llame. 

I^lftilrl, who examined the const ifin^ts of the plant in 
1858, found that^it contained an “ iron-gr(f?ning ” tannin. 

* lor. ni. 

i MHIct, TniMK lion. fsH’.. 7755, xli\'. iCl. 

X litr. rtf.. \\i\. l$y.^ ' ‘ 
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In 1865 }him‘h and isolated a volatile substance 
wliicli reduced silxer filtrate solution and gave a white 
])n‘ci|)itato with lead nictate, and a wliih> prt‘eipitate, 
tnniiiig bl^ck on heating, with inercn^iiis #ilts. To Hiis 
substance U'ley gave the name of hn imkmlnf oi hl. 



Ki^. ^4.- ifftH'tUu’icmieHdtini. 

Their results wv(»confii'med in 1S83 by 7 V/////n’rt»,*who 
also fonrd that the acid ga\ e a red qplonr with ferric 
salto. " - 

The blact stain prgduced by the juice of It. favitv^endim 
p. 1382. 
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cannot be removM by the treatment with alcohol or Boap 
and water, but diasolveK in ether. , 

Bhus Venenata.— This is a shrub which grows on 
marshy ground iu North America, where it is popularly 
' known as the j.Hustui mimvh. It is usiiall} *irom lO to 
1 5 feet high, but sometimes reaches a height of 30 feet. It 
has a dark grey bark, and produces groenish-white 
ilowers and berries. 

On making an incision in the bark a thick white, 
opac{m‘, ])uiigent ilnid exudes, which on exposure to the 
air rapidly becomes Idack. When this liquid is boiled 
with water the volatile constituents are exjielled, and the 
residue can be use<l a^ a bkn‘k varnish, similar to that 
prepared from the UhuR nniintt of dapan. 

Tlie poisouoiiK SNinptoms caused by fne juice are 
similar to those produced by /llms lai'tmhiulnm, but 
niBuy persons niv <piite immune I0 its effects, whilst 
others are more flifected by its emanations than by those 
of //. la> muh ivlnw. 

The workmen who use it as u finishing vaniisli for Iwots 
frefjueiitly suffer from its action.* 

^ufl radicans is a variety of //. fat imkmlnm, and not 
a sej)arate species. It produces round greenish-white 
l)erries, and its juice has similar properties. 

Other Vegetable Juices.— in 17G3 made 
numerous experiments to determine the iwhnaiiency of 
tlie stains produced by the juices of different ])lant8. lie 
found tliat the. milky juices of ])op]ties, dandelion, hawk- 
weed and sowthistle gave brown or lu'ownisli-red 
characcei's. but that the.se were readily removable on 
washing the linen. 

The colourless juice from hop stalks, on the other hand, 
gavo a very ]x*rmanent pale reddish-bl^wn stsin. 

Slut' juirr . — The juice from sloes used ))y itself gave 
a pale brown stain, whilst with the juice used ii?. conjunc- 
tion with alkali a much darkbpj stain was produced. 'Jlie 
fresh" _fiiice, on baking, became red,"wid when applied 
to linen gave ivd staios, which became bl jo or contact 
with soaji. These characters were veiy permanent, and 
hod only become faint after long contpiued wasning. 

MillHjMiuch. AmmetiH j^laKtf, p. 37. 
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Gukmital Makkinc LnI^h. 

Silver Inks.— Of tliefliffereiitsnhsifuicesjbat have been 
eini)loyed!l;i Jiiai'king inks, tlie best knowp and most com- 
monly used has been a solution of a silver salt, the reduc- 
tion of which within the fibres of the material has left an 
insoln))le black deposit of a more or less permanent nature. 

The earliest inks of this type required the linen to be 
previously treated with what is known as a jmtHtr and then 
dried, but these have bee#i entirely superseded by inks 
whicli are reduced by passing a hot iron over the writing. 

An ink of this earlier typ*^ v»r recommended hy Jlnmitnti* 
as late as the year 1870. Jt contained 1.6 parte of silver 
nitrate. 2 patYs of gum arabic, part of sap green in 16 
parte of water ; whilst the pounce consisted of 2 parts of 
crystalline sodium carbonate and 2 parts of gum in 8 jkirts 
of water. 

A similar ink intended for use with steel iiens.was also 
described by Jlniiunm. It was prepared by dissolving 2 
l)ai;s of silver nitrate and parts of gum in 5 imrte of 
nmmouia solution and filtering the liquid, a little magenta 
red being added to impart a temimrarj" colour. The fwn ti<r 
for^this ink contained 3 parts of sodium carbonate with 
2\ part.s of gnm in 9 ^mrts of water. 

Jit'ihnwrit Mtiduntf JiiL—FlnB was prepared by adding 
a solution of 31 palts of silver nitrate in water to a solu- 
tion of 50 i}arte of sodium carlmnate in water, collecting 
and washing the precipitated silver carbonate, triturating 
it with tartaric acid and adding snflicient ammonia soln- 
tioii to dissolve the silver tartrate. The ink was then 
completed by the, addition of 15 parts of archil extract, 16 
parts oft white sugar, and 50bparts of gum arabic. With 
this ink no previous preparation of the fabric was neces- 
sary, a li^ iron being poked over the writing to start the 
reduction. 

.Some lime afterwards itVy/rff (Kng. Pat., No. f 1^474 i 
1846) c!aime(Hhe uso of a marking ink J;he basis of whi(^ 
was also silver tartrate. , Tliis was prepared by rubbing 
together ift a mortaf eqntd parte of tartaric acid and silver 
1870, cxcv, 281. 
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nitrate, tlien adding water,' and finally nentralihing the 
&|nid with anniioiAa. lu this procc'sc the somewhat tedions 
j ojjeration of wfuihing the silver c!i|'*bonftte, as in JlahrmVh 
pra-ess, was d^'speiiyed Avith. , ^ 

riaim was also made for the addition to th'is ink of an 
ammoniacal solution of a gold salt, so us to lender the 
writing proof against the action of solvents for silver salts. 

DhirHrh (1897) recommends ® solution of 25 parts of 
silver nitrate and 15 of gnm in 60 parts of ammonia solu- 
tion, A(1th the snhse((uent addition of 2 parts of la/ujvblack 
or indigo as a temporary' colouPiiig-matter. 

The ink is used with a iinill j>en, and the writing is fixed 
hy passing a hot iron over it.' % increasing the umoiiiit 
of gum to 25 parts, a ruhl)er stamp can be used with the 
ink. 

Mminuj Jnh ' consisted of 8 ])ar1s of silver 
nitrate, 4i)artsof sodium carlionate, and ^ parts of cojiper 
nitrate, in 100 parts of amiuonia solution. 

(Eng. Pat., No. 738 ; 1856, I'mr.) claimed the 
addition of platinum chloride to a silver marking ink. 
with the o))jcct of renderiug the churnctera more per 
manent. 

consists of 1 1 part.s of silver nitrate 
dissolved in 22 parts of ammonia solution and mixed with 
a solution of 22 jiarts of sodium carbonati* in 12 jiarts of 
water. The ink is then thickened by the addition of 50* 
parts of gum and coloured with 2 parts of sa]) green. Marks 
made with this ink on linen gradually darken on exposure 
to light, but the process of i-eduction is accelerated by 
heat. 

(lilar 'uk MurViuu JuL — The linen fabric is first 
prepared with a 20 per cent, solution of 'Sodium chloride, 
to which has been added 50 per cent, df gum arabfo. The 
ink is prepared ]>y dissolving i part of silver nitrate and 
2 parts of gum, in lo ])arts of water, and adding a little 
indigp carmine as temporal^' coronring-matter. The silver 
nitrate m tlio ink reacts with the souiiftn chloride in the 
prejmred linen, forming silver *chloridp, which is reduced 
on exposure to sunlight. 

• JimH.. fviii. 157. 

■[ ///W., 1S59. 393V 
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Kiihi^s Ahtd inff Verj' black characters are pro- 

duced by an ink conbistiug of i part o' silver nitrate anil 
C parts of glim nrabic 6 parts of watei, on linen pre- 
viously piigjwred with a solution of i nart o^ soiiinui hjpo- 
Buljihite ana' 3 ports of gum in lO ports of water. 

Gold Marking Inks.— One of the best known gold inks 
is baseil on the foj’mation of what is known as the 
of f'ttnaiit'i. The linen is ])re]»ared by treatment .vith a i 
per cent, solution of stanuoa.s chloride containing lO per 
cent, of J'uni, whilst the ink consists of a i per cent, solu- 
tion of the double chloride of gold and sodiuiu, to which 
also has been added lo p' r cent, of gum. 

If the fabric be i/i-epart d ^iith a 20 per cent, solntion of 
oxalic acid containing 40 per cent, of gum, instead of with 
the tin solution, the gold writing has a metallic lustre after 
lieing ironed and wu.shed. 

(xold marking ink is more ])ennanent than silver ink, 
and its addition to th(‘ latter was jatented by Ueade 
(ntfjmt). 

Platinum Marking Inks.— These- are ])repared in two 
so! utions like the gold ink. The fabric is lirst treated with 
a mordant containing 30 parts of oxalic acid and 30 parts 
of gum in 100 of water and dried. The ink, which consists 
oi' w part of plutiiium chloride and 2 parts of gum in 10 
parts of wa^r, produces red marks on the prepared linen, 
•which slionld be w^ll washed as soon as tlie writing is dark 
enough. ' 

A purple platinum marking ink described hy J/rimf ft 
(ItH. fil.) contains i part of platiiinm chloride in t 6 ])arts 
of water. The linen is first prejiared with a solution of 3 
liarts of sodium carbonate and 3 parts of gum in 12 ports 
of water and dried. After the letters have been written 
on thiif prepared surface afid have dried, the place is 
moistened with a solution of i part of tin chloride in 4 
parts of water, which changes the writing to reddish 
purple. , ^ 

• Marking Ink^o&ntalning other Metals.— Tn addition 
to platiunm M gold sal^ which liav% been used either 
alone or ip conjunaion with silver salts os constituents of 

J^rx , 1867. 1’lxxxv. 3^ 



502 INKS AND THEIB MANUFACTURE 

marking inks, and wliicb are > obviously too expensive for 
general nse, numerous other metallic.componn(]H have been 
^ employed for tie same purpose. ,TbnB in 1878 llirlimn 
‘ (Ed('. J*at., Nq, 512^) protected an ink containing a salt of 
' vanadium with an oxidising agent composed of metals 
or salts preferably those of nickel and copper, to act as 
mordants. 

»W/<N.(Eng. Vat., No. 1838; iSSojhas produced solu- 
tions which he claims to 1^ good marking inks, by the 
action ?)f polysnlphides of heavy metals, such as'thoseof 
iron, zinc, or copper, on organiG substances, such as non- 
volatile fats or sawdust, in the presence of a suitable 
metallic hydroAide or sulphide, f.y., sodium hydroxide or 
sodium sulphide. 

Marking inks of various colours were })rnte6ted by hntn- 
hrk (Eng. Pat., No. 594O; 1882). These C(»nsisled of pig- 
ments, such as gas-black, vermilion, ultramarine, cadmium 
yellow, and emerald green, mixed with a suitable propor- 
tion of albumin, and incorporated w'ith a Ihjuid base com- 
posed of salicylic avid, turpentine oil, spirits of wine, 
glycerin, and water in aj»pro.xiniately specified pro])ortions. 

In a subsequent patent (No. 751 ; 1883) taken out by 
Ilivi-min and Lnmjh'd^ the basis of the ink made from 
the.'se jiigmenis was a solution of india-rubber in carVon 
bisulphide, a little es.sential oil being added to prevent too 
rapid evaporation. The fabric was lieated jiftJer markingi . 
In yet another method, protected by {lie same patentees 
(No. 752 ; 1883), the mixture of pigments and albumin was 
added to a base consisting of 5 to 8 grains of arsenic pent- 
oxide, 10 grains of turpentine oil, 6 drachms of glycerin, 
and j oz. of water. 

VittiUrtfa JiicJnvmtfh' Mnrl’huj i/»/. (Eng. Put., No. 648; 
1 888 j consists of a soluble eolouriug^matter mix^l with 
gelatin and potassium bichromate, this last constituent 
being reduced on exj}Osing the writing to the i?ctiou of 
sunlight. * ' *• 

MfhfMir Mftiihifi Id.— Au ink was recommended by 
Iluihr* in T85C as,^henng well to the linen; and resisting 
the action of both acids and alkrt'ies. 'It was prepared by 

• JJintfJrr's //ulf//. Jan A „ i8qd, c\Ii. I sol 
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dissolving 5 parts of *iiiolybdic*oxide irt sufficient hydro- 
chloric acid, and adoijig 6 parts of gnn^ arable and 2 parts 
of sweetwood extract (htrlritzc) in 30 parts of water. 
When the writing wafi diy the hneu wa^ treated with a 
eolation dl Jn chloride. 

Coinin' Minihitf I ids . — ^The precipitate obtained on 
treating a solntion of co])per chloride with iwtassiuni hy- 
droxide is dissolved in as little ammonia solution as possible, 
and a little dextrin or gum added as a thickening agent, 
'rho writing done with tliis ink becomes black whoft a hot 
iron is passed over it. • 

Srnjl'rni (Eiig. Pat., Nt- 1744 ; J859) protected a process 
of making an ink for mark lug cloth, paper, &‘c., by immers- 
ing organic fibrous materi^, such as silk, in ammonia 
solution ronfaining copper, and admitting air through a 
small opening from time to time. The solution of silk in 
this “ cojiiwrised ammonia *’ was described by the inventor 
as a " lustrous black ink.” 

A Jilin’ IMili/f I III,’ recently described * consists of a 
mixture of a silver and a cop|H*r maijdng ink. (n) Silver 
nitnite 10 parts in 30 parts of ammonia solution, {h) 
Sodium corlwnate to iiarts, gum arabic 1 5 parts, and copper 
suljihate 5 parts in 40 parts of water. The two parts {<() 
an^ (h) are mixed together. 

Minii/inii’i^i' Miii'l'uuf Ink. — Jlriuufiin (/or. vit.) recom- 
yiends the fbllowing as a cheap brown marking ink. The 
linen is first prejfhred by treatment vdtJi a solution of i 
port of a ferroc}’anide and i part of gum in 3 parts of water 
and dried. The writing is then done with a solution of 4 
])ai'tsof manganous acetate in 12 ]iarts of water, and the 
linen finally treated with a solution of 4 parts of potassium 
hydroxide in 10 mrts of water. 

Tliisa causes fhe separation of manganese hydroxide, 
which is gradually oxidised, forming a dark brown monger 
nese oxi^. 

This process is mouifesily too complicifted for ordina^ 
nse, and the tret)^ent of the linen with strong* drastic 
ftllfiili selutiomniust have ai^injiirions e^ect upon the fibres. 

Aniline Karkixf^ An ink in one solution is 

obtained by thoroughly mixing 2 parts of anilin^blaok in 
' Haw 1902. 
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40 parts of strong alcohol (y5 per cent.) containing 2 parts 
01 liydrocliloric add, and adding a ‘•oliitioii of 3 pai+s of 
shellac in 150 parts of tlio strong, alcohol. The writing 
'done with this jnk is^nol removed hy water, but i-suotverj 
'resistant to tlie action of alkalies. * 

fJmvk'H‘n\ Atnlim 7 ///.*- -This ink depends on the for- 
mation of aniline black williin the Jibres. 

It consists of two solutions, which arc kept sejiarate 
until jiiat before use : 

(tt) i'opjhi' .S(f 7 ////o;/. -f‘op|)er chloride, 1S.52 grins.: 
sodium chlorate. 10.65 gi’iiis. ; and amniouinm chloride, 
3.35 grnis , in fio c.c. of water. 

(it) Amhm Aniline, hydrochloride, 20 grins., 

dissolved in 30 c.c. of water, and mixed with 20 grins, of 
a solution of giiin arabic (i : 2» and i grm. of filyc<*rin. 

For use, l part of (<0 is mixed with 4 parts ol (It). The 
writing on linen first app»‘ars gri'eii, and then gnulindly 
becomes black on e.\j)osnn‘ to the air. 'i iie change takes 
place at once on healing the labric, but it is advisable to 
hold it over steam, wice dry heat tends to rmider the 
marked places brittle. Finally the place should be waslied 
in soapy water, which renders the writing bliie-hlack. 
Marking properly done with this ink i*esists the action of 
acids and alkalie«i, and can k* frcsjn.ently waslied witlnoit 
being rendeivd niucli fainter. 

ludigotiii Harking Inks. — ^TJte so-called indigo bine* 
when pure is known in chemistry as nn{l(fit(lii ((’„,! I tj. 
When tills is tn^ated with a reiliicing agent it is converted 
into a colourless compound, hifliifn iHilh 
which is readily soluble in solutions id alkalies, and has 
onh to be ox])o«>ed to the air to lie gradually oxidised again 
into the. in.soluble blue compound. 

An indigo marking ink based on thi.s teaction is jnVipared 
by treating a mixture ot 20 parts of indigo line powder 
and 40 parts of ferrous sulphatt' with a solution of(f40 parts 
of sodium hydroxido in 200 jiart.s of water. The whole is 
then iSft for siweral days in a well-corkei bottle, wliicli is 
sliaken from time t^) time until »the n'dnetioft is comjilete, 
and all sign of lilue ha.s disappcari'd. ' The lujuid is then 
decanted) and 20 parts of giim arahic added lo 1 part 
** HiHijhrn fwlyf. Journ.. \ 867 . rkv'iii. 78 * 
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of a saturated soliii ■t)u of IjtiAis to fonu tlie provisional 
colounn^-inatter. 'j ho writing done wjtli this ink is soon 
oxidised by tho atinosphei'ic oxygen, %ud eveiitnally 
becomes deej) bine. 'J^ie same oxiihii ion gradnally tj^kes 
phice in iiikj witli the foriuatioii a nine de]M)sit in 
the bottle. 

A marking ink patented by f/«/i//.s‘rt//(Kog. i*at.,No. 1771 ; 
i88oj is based on the sj-nlhelical formation of indigo blue 
within the fibivs of the fabric. The material is treated 
with a solution containing orfho-mtro-i>henyl-pip])iolic 
acid, a redncing agent suck as glucose, and a fixeil caustic 
or carbtmated alkali. The writing is developed by the 
action of steam, whicli ])ro(|ji(y'8 a blue colour, or l)y dry 
heat, which makes it black. 

Alizarine Marking Ink.— A rtnl marking ink, containing 
the pigment of madder (alizarine) as its basis, was patented 
by in itS04 (Kug. Pat., No. 2511). The linen was 
iirst prejiaied by tivataieiit with a solution of ■dum. and 
the marking done with an ink composed of an alcoholic 
e.xtnict of madder mixed witli an ^Ikali salt, gum, and 
vermilion. 

Examination of Marking Inks.- The cliief essentials 
of a good mai'king ink uiv : ( 1 ) Jt sliall not injure tho fibres 
ofjho fabric; (2) it shall not lie too viscous to ilow 
sraoiithly from the pen, and yet not so tlnid as to “ ran ” 
.jv'lien ujipliAl to the linen; (3) it shall ])roduce characters 
which rapidly darlPen when treated with a moderately hot 
iron or otherwise ; (4) the characters shall not fade when 
ivpeatedl) washed with soap and water, and shall resist 
the action of acids, alkalies, and bleacluu^powder. 

The composition of an ink is of snbsidiai'y importance 
as compared with Uic results of practical tests. It is best 
to mill* chai'acters both on jinen and fine fabric, and to 
follow the manafactiirer’s directions for the subsequent 
treatmeid, of the material. 

Marking Ink Pencilfl.«-<rhe earliest pencils intended 
for marking linei^ upntained a silver salt incorporated with 
a’suitable basic material auj a ])rovisional colouring-matter. 
ln 7 A//i/i’s patent (Eng. l>t., No. 2316; 1858) plumbago is 
mentioned as a suitiible substance to be mixed jvith the 
silveg salts. 
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A similftr pencil was i^tented by MmU (Eng. Pat., No. 
379 j ^^n)' This, was composed o( a suitable clay earth 
niix^ with sib-’er nitrate or other soluble silver salt, and 
plumba^freiM} from iuipuiities that would cause reduction 
in the silver salt. 

In 1878 Hki'mui (Eng. J’at, No. 5122) adapted his 
vanadium marking ink (HUimt) to the preparation of mark- 
ing ink pencils, gum, gelatin, dextrin, clay, or other suitable 
substance being added, and the mass moulded into the 
required Bhai)e. 

Marking |)encila giving diCerent coloured charactera 
were prepared hy IIH/hnui and l/nujkii (Eng. Pat., No. 
753, 1883) from the marking' ijiks containing a suitable 
pigment and albumin in a li({uid base of arsenic pentoxide. 
turpentine oil. ghceiin, and water. 

A silver j)encil akj ])atented by llki (Eng. Pat., No. 
9149; 1884) has a inarking-i>oint which may consist 
of silver nitrate and potassium nitrate, or in some cases 
amnionium carbonate, Jiis^hI aith gum, whilst tlie othiu* end 
of the pencil containif a muidant composed of, f.//., borax, 
wax, aud pyrogallol, which is applied to the writing to fl.x 
it. In a subsequent patent (Eng. Put., No. 15,961; 1884). 
claim w made for sejiarntc |)oiicil.s containing only the mor- 
dant. iVniline dye-stuffs wdiiblc in oil. claimed by 
sini {nniu’d) are also made the colouring uiaU'rial in marking 
pencils. For this jmrpose they are incoriwrated with 
suitable ingredients, such a.s gum trag^antli, kaolin, and 
borax, iuto a solid Tua.ss. Tin; linen fabric is damped with 
a suitable oil, such as castor oil. and the writing liuall,\ 
heated. 

In our experience with certain marking ink pencils of 
foreign origin containing aniline dve-stuils. the writimr is 
of a very fugitive character. 



CltAI>TKU XIV. 

MKKTV l.\KH AND I'AI'EIW. 

Contents. - Various safety inkB~J^l‘hin<)ll^ inks- TmiUV 
nirlHJii {•liitcn ink- Siiliihli- ink- OlluT <*!irl)tn» inks— 
Safety papers with BpA:i&L iiiln— Patent permanent 
inks— Patent safety papers. 

Tiik iem " safely ’’ lias been frequently applied lo inks 
which are snpjwsed lo resist the action of all chemical 
agents not sufficiently [lowerfnl to destroy the paper or 
parchment itself. The importance of such an ink in the 
case of historieal records or legal docuj|ionts, &c., is obrious. 
and numerous eN))eriments hare been mode to discoverthe 
be.st iloid for the ]iur])Ose. 

, It has already been noted in the introduction that iron 
gaU inks may, nuder fayourable conditionB, almost equal 
carlxiu inks in defying the ravages of time, although many 
jjistances csAi be cited where inks of the same character 
have prematurely fhded. It may be pointed out in con- 
nection with this imperfection that chlorine is used as a 
bleaching agent in pajier manufacture, and although 
“anticlilor” (sodium thiosulphate) is used to remove free 
chlorine, coses may occur in w'liicli a trnci' of the chlorine 
is left, and would then have an effect upon an iron ink. 

Vari#iui Sofe^ Inks,-— hirveral of the earlier formuliu 
for producing jiennaneut writing fluids have already been 
describe^ in cliaji. i., in the section dealing witli carbon 
inks, p. 34. 

Inks j b/j Freiirh Commmm. — In *1631 a 

Commiision appointed by Varis Aca jd'mie des Sciences, 
and including suclf emii^nt chemists as Gay-Lnssoc and 
Ghevreul,^do a qj^tical examination of all the inks that 
had been prifpose^nf) to that time for the prevention of 
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the falsification of writing, and coacliided that prior to 
1826 Douc was satisfactory. ' The}' were idtlier too thick, 
or attacked the or yielded a deposit too ivadily. Of 
the dilh'ivnt inks submitted, the ('6<iiniisBioii recoinmeiided 
tlip'two followiup : * ' * 

i. Indian ink ‘(4 to 3 prins.) ini.\c*d with 1000 prnis. of 
dilnle liydrochloric acid (2.010 sp. pr.). This ink lloved 
well and had good penetrating power, whilst the acid did 
not injure the jiajier. 

ii. AjWdutionof mangane.se acetate (sp.gr. 1.07.1). AVith 
a nintfi of its volume of acetic (>pid ( 100 parts neutralising 
i()0 of sodium carbonate), thoroughl} incorporated with 
[ndiau ink. The writing was then ll\ed and rendered 
indelible by holding it over amnfonia va|X)nr. 

The advantage {»f this ink over the pn‘Ci!dirg one is that 
the pa|X‘r will not contain free acid. 

We have prepared carbon inks from those formula', and 
find that the writing resists the action of (cater, acids, and 
bleaching agents, in the ca.M* of the fust ink, however, 
we find the (jiinntity of Indian ink mentioned ijiiite insid- 
ficient. AVe used th& fiiie.‘«t that we could obtain, and had 
to add at least m times as much in ordt'r to obtain cha- 
racters of snflicieiit blackness. After the treiitment with 
ammonia vaiwur the writing beeomes much greyer. 

lived a solution of iwtash and woikI far, 
whilst mixed lampblack with absolution of 

shellac and lx)ra.\'. 

Besinous Inks.— This la.st ink is very much 011 the lines 
of that de.scribed by viz., .shellac. 13; bora.\', 

8; gum arable, 8; lamp-black. 10 ; and wntiu-. 130 paiis. 

Tlie powdered shellac and bora.\ are boiled with the 
water, and the solution mixed with the j»owdered gum and 
lamp-black, and eventually decanted, fibm the Jieavicr 
particles. 

In 1837 7 /. ShpluHs and H. Xhh/i j)atented (Kng. ]*at., 
No. J342) the addition of carkopaceous matter t(f saline or 
alkaliiui solutions of resinous substance^ to form comitonnds 
not attacked by oi’dinary cliemical agi'iits {ritk in/jff). 

* • 

* Amu. th r! Phijit* iRji, 

t y/w. ^ 

J Ar* EHcrtfii J.|I. 
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An ink of this clir Mer is^pfeimred hy boilinfi^ lO parts 
of ordinary rosin an(j lo ])art8 of sod j urn, ]X)ta8siam. or 
ainmonium carbonate, either alone or. piWerably, mixed 
in equal proportions, wiAi loo parts J wat^‘r, and nddju^ 
a inixtnro , f 4 parts of ]Km'dered gbin^ and 2 parts of 
lamp-black. 

Traill’s Carbon Gluten Ink.*— This consisted of lamp- 
black and indigo inc'orprn'ated with an acetic ucitl .solution 
of the gluten of wheat Hour. 'Hie gluten was prepared by 
kneading the Hour in a cnrnmt of wat-er until the sstarch 
bus been seiwrated. A fter iwentj -four to thirty-six lumrs 
ill the water it was digested with acetic acid (sp. gr. 1.033 
to 1.034) in the projiortion of 20 lo 3 of gluten. The grey 
liquid eventually obtainedVith tlie aid of gentle heat was 
then used {|is tiie medium for the pigment, which consisted 
of about 2 pot cent, of purified lamp-black, and about I 
jier c^nt. of indigo. 

An ink attrilmted to //• is essentially Identical 
with that devisetl by Tniill, 

Ti'tnll states that his ink was at once adopted (1840) by 
tlu' National Hank of Scotland, whicli had recently been 
the victim of numerous forgeries, in which the ink 00 bills, 
A’C., had been erased and other figun’S substituted. As a 
matter of inU*rebt we made imioiries from the present 
antlioritipR of that, bank in Kdinburgh, who have kindly 
jijfonned us that they have no record of any other ink than 
ordinary iron gall ftik having been used by them. Jt is 
u(»t improbable that the use of Tivilfn carbon ink was dis.- 
carded on the intmduction of cheijiies printed with siiecial 
inks, which would change colonr if any chemical were used 
to remove the writing. 

Baudrimont’s Soluble Glass Ink.t— Tliis is an inti- 
mate mixture of* soluble glai.s (sodium silicate) with lO 
per cent, of lamp-black. T'he silica, on aqiaratiug from 
the ink &ring the drying, endoses particles of carbon, 
thus rendering the cliaraotets penuanentf It is aduan- 
ta^^UB to remove tiie sodium carbonate formed If the 
atfion oithe carbon dioxid^in the air jipon the sodium 


* rmw. '8^0, xlv. 426. 

t /.v Itirrerft f'lmffrt, i>. 144. 
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oxide by lii'st ti'ei^ting theVritten jMper witli dilute acetic 
icid. and then thoroughly washing it with water. 

We have found that the ink tlins ])repared from com- 
mercial sodium silicate is mncir too thick for use. and 
re(jnires to be suitably diluted with water. Ink having a 
specillc gravity of 1.270 Hows freely from the pen and 
gives very black writing. When the* dried charncter8‘are 
treated with water the surface ink is readily waslied olT, 
but tlieiv still nmiaiiis a greyish writing within the tibres 
of tlw paper, and thw i.s not removed by leaving it in 
water for twenty-four hours. If the writing be left for 
twelve hours before immersion in water much less of the 
pigment is removed. The iidc can be blottwl immediately 
aft*'!' writing without renderin’g it too pale. It is not 
alTccted by acids, alkalies, or cbloriin*. 

Other Carbon Inks. — Xiinierons other f(»rniiilu* have 
been given for the pi-eiwiratioii of inks of this character, 
but most of them an' only later moult icatums of thosi‘ 
described above. Thus, a weak solution (»f sodium 
hydroxide is used instead of hydix)clil(»ric acid as a 
medium for Jndiuu lnk(y>'://////ir); and another ink con- 
sists of lamp-black and gum arabic im'orporated W'itb a 
dilute solution of oxalic acid. 

This latter ink has not much penetrating power, and the 
writing can be removed from the })aper by careful washing 
w it li water. ' 

intifjifld {Kiig. l*at.. No. 7474; ])ri‘i)nred lani])- * 
Uiick froiri a mixtun* of linseed oil. \'cuice tui-pentine, 
and other organic substances, by tiring the mass with a 
hot iron, and colliding the .swit in an inverted cone, i lb. 
of this laiii])-black was mi.xed wdth i «|iiart of vinegar 
2 galls, of hot water, J lb. of gum, and j 11). of shellac, 
and the whole boiled for W iniLHtes.* I’owdei^d galls 
(i lb.) and logw'ood chips (2 lbs.)Wi'i'e then iutiXKluced, 
and the ink stirred until cold, and expos(‘d for thrive weeks 
to /he ntni(JSj)lM’e in Hat pam., 

SiUbty Papers used with Specif Inks.— 7 'jm// (/or. 
a/.), ill the coiifhe of his ejkperiments, t-^'sted the peN 
niaiieiicy of the \friting produced bviliifereut solutions of 
metallic salts on spciully prepared ^wjiers. Sheets of 
iiiuiized paper were soaked tin t^n.* following diHertmt 
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solutions, and then '‘ned : (i) An infusion of galls; (ii) a 
solution of potassium feri-ccjanide ; (iii) sodium chloridfc. 
snlution ; (iv) BodinnI phospliaU* solutron ^ (v) potassium 
iodide solution ; and (vif potassium "•ichi'omate solution. 

i. OhaiVlers on this jiapei* made with ift)n sulphate or 
copper sulphate were readily ivmoved by chlorine, oxalic 
acid, &c, 

ii. Furncifttiiiih' Puptf . — Antimony chloride solution 
gave bright blue characters, which insisted the action of 
chlorine, .but were eilliced by ammonia. Iron snjphate 
gave dtirk-blue writing, copper snlpliate brown characters, 
and cohalt nitrate dee|>-hro\\ii chai’acters. wliich resisted 
the action of alkalies, but wei^ bleached by chlorine. 

iii. StHlimn C)ihrhh‘ Vtqftr , — The characters produced by 
silver nitrate «n this paper were removed by ammonia. 

iv. Acetate of lead produced 
intense yellow characters. 

V. Mffulliv vhIuI'h foimed in the paper wei* equally 
unreliable, as WiLs also the case with chromates. 

vi. Mi'fuflui mljthhh'a, wliether precipitated in the paper 
01 added in the form of colour^ cdmimiinds (lead sul- 
phide), to ordiuaiy inks, were easily bleaclied by chlorine. 

Jti(h't/u Htf/phidi w.'Ui also bleached by chlorine, l)nt 
' when mlded to an ordinary iron gall ink increased its 
stability. 

AiUmmtjf ffnd Vuhdf SiiUh MM. — A mixture of cobalt 
• nitrate and antimony chloride ground together and mixed 
with gum water yielded an iuk which gave dark-brown ch8^ 
acters on ferrocyanide jiaper. The writing was weakened, 
but not destroyed, by acid or alkali ; but when soaked 
alternately in these reagents was completely effaced. 

Summarising the behaviour of different reagents on the 
metallic^ comixniflds tried, TuffUl came to tlie following 
conclusions ; (i) ( yorinc bleached all with the exception of 
the blue precipitate formed on adding antimony ^loride 
to potassrhm fen'cej anide., • (ii) Oxdiv in'id completely 
bleached gall ink^ jViissian bine, lead iodide, m^ftnry 
iodide, l^ad cl^romate, and^indigo sulphate, though the 
last offered more resistance, (iii) Ahlimoni/ rhhrkle 
weakened ciw destroyed all the metallic characters with 
the exception pf thp\timoyy ink. Indigo, again, offeied 
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conriderable resistance, (iv) Cmistlc alkalirn destroyed all 
.with the exception of the salt formed by adding cobalt 
nitrate to potassium ferrocyauide. 

Patent Permanent In]u.~Tlie .iddition of finely divided 
carbon to ordinary writing inks has been- uinimed in 
nnmeroiis patents ; r.//., by Stvtf in Eng. Pat., No. 8770, 
of 1840, who added gos-blnck, indigo and Prussian blue 
to gall and logwood ink. In JiVa/A ’x patent, No. i ii474> 
of 1846, the use of Prussian blue was also claimed. 

An indelible ink patented by StrphniK and in 1837 
(Eng. Pat., No. 7342) was prepared by distributing the 
carbon in a solution of a resinous soap; whilst Mffrillr 
(Eng. Pat. 534 ; i860) claimed an ink consi-sting of plum- 
bago. with resin, gum, alum, 'and a suitable colouring- 
matter. In 1861 (Eng. Pat. 2973) patented an 

indelible anti-corrosive ink which consisted of solutions of 
aniline dyes mixed with finely divided carbon. The ink 
protected by (/ujfaM (Eng. Pat., No. 1 839 ; i S74) was coin- 
jiosed of a mixture of carbon w'ith the solution of an 
alkali silicate. 

A mixture of suf^ar, aniline black, and soot in logwood 
extract form the constituents of patent ink (I’iHg. 

Pat., No. 859; 1883); whilst /r//s’,s(Eng. Pat., No. 9249;^ 
1885) emjiloys carbonised sugar scum as the source of the' 
carbon. A solution of soap in water or other medium is 
claimed by lAthUnlmj (Eng. Pat., No. 24,644; 1898) as 
the lupiid ])art of a carbon ink. 

Only a few inks of this class not ('ontaiiiing carbon have 
been patented. AV/«s ( Eng. ]*at.. No. 3267 ; 1 865) claimed 
that an indelible ink was producecl by precipitating col- 
ouring-matters by means of silicic acid, and dissolving the 
precipitate in a suitable silicate solution. In i8yi brrh 
and Ilanvhiii (Eng. Pat., No. 161Q ptotected 9 writing 
fluid consisting of turpentine, asphalt, resin, alum, bees- 
wax, and colouring-matter. 

Aluminiuin*|)owder with a ^injtective varnisfl forms the 
basft'of Jlhmni'fi indelible ink (I'Jjig. Pat., No. 7263 : 
J893> , . , . ‘ 

Patent Safety Papers. — t)ne of (the earliest so-called 
“sa^tf” papers was that dcajribed by (Eng. 

Pat., No. 73 1 3 ; 18 37). Th V consisted of, paiKir ipipreg- 
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Dated with a solutioh of maDganese chloAde and potaaBium 
ferrocyanide, and wa8*&tated to be stained by any chemical* 
that would remove ink. ^ • 

JMJtunii^g safety paper was impregnate^ with mercaric 
cliluride, or a salt of iron or copjier, wliilst the ink con- 
sist^ of a solution of sodium thio8nl])hate with alum, or 
alkali or alkaline salts, or of other salts iodides, snlpho- 
cyanides, Ac.) capable of forming coloured insolnlle com- 
])ounda within the paper. (Eng. Pats., No. 86i, 1850: 
and 388,' i 86 o ). 

Jii 1864 Hftilifun (Eng. l^t., No. 2223) claimed the use 
of a safety paper from which the colour was dLscliarged 
by acid in the special ink ^o bo iisihI. A patent on similar 
lilies (No. (^38) was published by T/mdvrm 1895, the 
paper in this case being coated with colour, which was 
removed as soon as it came in contact with the ink. 

It is interesting to note that the colour of ordinary blue 
pa]H‘r such as is used for ollicial and commercial purposes 
is discharged by dilute niineral acid ; and wo have good 
anthorily for stating that acid was actually in use as a 
wliite ink on that kind of paper some years before the 
date of Baihhin'n patent. 
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SYMl'ATIlKTlr INKS. 

(VjXTEXT-.— HU tun— V!inii1l-Mlii|Millictli- ilik"-l’:itcM 
^vni|iathi‘tic ink'. 

HiSiOIt/. 

Tiie term sfnnfHiflutlt' id in to irritiiif' iliiids 

which yield characters that leiimiri invisible until heated 
or treated with some auitable reajrent. Such inks ap|>ear 
to have been known in the eai-ly days of the Jtouitin 
Empire, for ik’d mentions milk as a suitalile liijuid. whilst 
Vliiui refers to the juice of diffeivut jdants. 

The earliest knowh chemical sympathetic inks wert‘ n*- 
garded as acting by magnetism. Thus llmtdvs, writing 
in a medical treatise in the early part of tlu* seventeenth , 
century, describes a ’‘magnetic iluid ** made from “arseni- 
ated liver of sulphur,” and only visible when looked at with 
‘•eyes of atfection." This {ijj|K"ai*8 to have Been nothing; 
more than an ink of lead ucidate, the characters being 
rendered visible by the action of liydrogtui sulphide. 

7Aiiv/* also describes these iijk‘». the secn*t of wliicli he 
learnt from Jhm'tniiins^ as nffUfi mafftitfitr t Inufjiminu 
vfjcutrsi, blit points out tliat there is notbing miraculous in 
their action. They are also alluded to by Oih Tarhiii 
(1669), who denied that tliece was anything luagrietic in 
their action, and by numerous later writers. 

The name fijfinimllniir, appears to have been fiiy>t used by 
.Lr 4/or/ to deswibe the lead Jteatate ink, and the term was 
snbsenliently applied to all seend inks ^f the same kind, 

In 1715 UV/: discovered thp use of sol ations tf coball 
salts as sympathetic inks, and tlie Kifncli chemist Wihi 
also gavf a description of them a few years latef. 

IhiimnFum (i-utlffiiic, if, i). iio. 
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Various Sympat letio I]i]u.--Tlie cfcan^'e in tlie colour 
of cliaractera writ ten, with n holiitioii gf cobilt chloride Is 
due to the fact that 1 lie pink wilt loses part of its water of 
crystalliMtion when hinted to I2u C., forming a J)lue 
coTn|X)uiid, ‘and Hint ilie latter on exi^siire to the air 
gradually abaorlis water, and ii'gains the pink colour 
which is nearly invisible on wliito ])niH‘r. By the addition 
of other salts to tlie colxilt solution — e./;.. nickel sqlpliate — 
the colour of the hent^tl charac'ters is inodiJied. 

(•obalt Biilpliocyaiiido solutions give ])ale red jjriiting, 
which changes to blue on heating. 

The following table gives a list of some of the better 
known substances use<l as sympathetic inks : 


CliloU! 

■' ■ ■ ' , 

- 1 

Uitiiliiiil. > 

Iiliii'k or linntii. 

i 

1 

lii'ud nn>l.ilc. 
Mfrciiric (‘lilviidi*. • 
(itilk 
l*\riimillo|. 
SlUiTMlIt * 

IhlIrtiKiii iilpliiili*. ' 

Stitiiiioiih cliloriili'. , 

lion sulpliitn*. 

An iilknii. 

I^Adioii of lifrlit). 

! 

r.iiic. 

• 

Stiin’li. 

Colnill iiitnito. 
j Inm Milpliati’. 

loilino. 

OmiIIc iiriil. 

Potiih.Niiini ftTriwMiniik'. 

Yellow. 

* ('o|i|KT cliIoi’uU'. 

1 Aiiliiiioin t'hloriiio. | 

(Vi'IloH on hiiitiiitr). | 
Hulriodic aciil. j 

(iiillh. j 

(inHMI, 

• 

. (‘olmlt I'liloridi* witlin 
iiickH K'ill. 1 

• l’(i(ii!4>iiiin nrsi'iiat**. 

• 

I 

l^Action oi hnit). | 

('oiJ[M*rn1tnitp. j 

l'u^»lf. 

ilolil cIiloriili\ ; 

• 

StnnnnUH chloriilp. | 

• •' 

(lolll. 

• 

• • 

|•l(|)lll Miiliutii diloridr. ^ 

• 1 

1 • I 

1 • 

Oxalic acid (lo lAwml.) • 
On iPcuting AOth hot | 
• iron inetiillir luntni j 
proflni-i'd. | 

— = — 

— ■ • 

* 
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A sympalLetic 'method night he hosed on a process 
fdniiliar to jjhotogi-aphers, hy which so-called ‘•magic 
picln res" have lx‘en produced. A photographic print on 
biomide paper after being bleached in a solution of 
mercuric chlonde alid thus rendered invisible, is again 
made apparont hy being placed in contact with blotting 
|)a])er moistened with a solution of sodium thiosulph&te 
(“hypo"). It is obvious that writing executed with any 
suitable develoi)er on ])romide pa])er would npi)ear and 
disapiHtar under similar conditions. 

Another method is suggest eil by the lliioresoence of a 
solution of a quinine salt under nitrarviolet light, or of 
other com]H)UDds under the inlluenci! of rmlium, X-rays, 
A:c. 

Sympathetic inks have frequently bcerf p>it to an 
ingenious and p<‘rvei‘ted use liy sharpers of the raceco^r^e, 
two of whom were recently convicted of this kind of 
fraud. A betting ]Kiper giving tin* names of horses, &c., 
is written in two kinds of ink, one of which fmles away, 
whilst the other gradually appt'arg. The disappearing 
ink commonly used is a weak solution of starch tingecl 
with a litth* tincture of iodine, and writing done with 
this soon fades away, whether exiwsed to the light or » 
not, 

The ink used for the invisible writing is often an 
aminoniacal solution of silver nitrate, which gradually., 
darkens und«‘r the iutiiienoe of light. Vugitive dyes have 
also been u.sed n.s disap|)earing inks, such as - e.g.^ quinoline 
blue and fnrfur’aniline, the solution of whicli gives 
magenta writing, which soon fades away under the iullii- 
ence of sunlight. 

Patent Sympathetic Inks.— Although sympathetic inks 
aro usually regarded as only Hcieutilictoys, tJiey have bi'en 
applied to sevenil practical purposes, and liave been mode 
the subject of differemt |iateuts. , 

• InitheEug. I^t., No. 2389*0! 1877, Kfmm describes 
A profti!<s for detecting any tamjierirg with euveloiies,, 
wbich consists of separating t,lje two coniAituents of a 
aympathetic ink lly the adhesive gnih, so that should 
steam be^applied to Ojien the envelojie^the twtf Substances 
corns in contact and form an sink fcavint? ^ ataia iwm 
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the paper. A sin WSx devi^ was patented by riilfml 
(Eng. Pat, No. 155015 ; 1889). 

Claim is made for the use of bidiromatocolution in Eng. 
Pat., No^ 3657 of i88ifthe cliaracbers beinc made visible 
by tJ»e actm of fight. , 

i,hirlvh (Eng. l*at, No. 7472; 1888) has protected a 
iiiAhod of writing with a saturated solution of potassium 
nitrate on a uoii-glazed surface, a ])art of the writing l)eing 
afterwards touched witli a red-hot wire. J’apers thus 
treated are sold its toys for children. • 

A sympathetic ink claimed ])y (Kug. Pat., No. 
730; 1887) consists of a solution of plaliimm magnesium 
cyanide with a suitable iijedyiiu, such as gum, gelatin, Ac. 
^Vhen exposed to damp air this changes to pink, the colour 
disappearing^n applying heat. 

An invisible ink claimed by Mofin (Eng. l^at., No. 
2130; 1890) consists of a mbcture of cbalk or similar 
substance with watei*, which is used for writing on a 
ghized surface, tJio characters being subsequently dusted 
over with graphite, bronze iiowder,^Ac., to render tliem 
visible. 

. tiiam (Eiig. Pat., No. 3459 ; 1896} has |)atented the use 
of dilute sulphuric acid (1:17) as an invisible ink, the 
wiling being rendered permanently visible on heating the 
paper so as to bring about surface carbonisation. 

Auotber sym])athetic ink which only becomes visible on 
hentiiig the j)aper 1 s described by Mofhr in Eng. J*at., No.’ 
21,991 ; 1897. It consists of about 100 parts of alum and 
ICX) |iart8 of white garlic juice. The writing is rendered 
visible by heating the paper and cannot be removed by 


In Krrh-hmniHs patent (No. 6727, 1899) pa^r is 
treated with a solution of cobalt chloride, and a solution of 
rock-srft used os ink. Ou heating the |)aper the writing 
appears Jii iiale green characters. In order to det^ 
tamiiering certain signs *1% made on Ae paper win a 
solution of resoi’cijwmdparatoluidine, and these on^ating 
chang^roni fed or yellow^nd become wrmauently black 

or b^n. In a ^ubse^juent patent '(No. 7367; 1900) 
KMAMi ha.s filmed a process of treating jmper 
witb a non-lt)’groscQt)’C salt of cobalt (such as the basic 
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• ^ 

carbonate), and wilting on it with a solution of salt and a 
substance such ns'rinegar, which will convert the salt in 
the pa])er into & liygroscopic salt. ^ 

The sympatlv'tic jirocess describi'd by litwh ii/ (Kng. I’at., 
No. 8976 ; 1 8(;9)/jonhists of the use of two substances, such 
as cobalt cliloride and uiaguesiniu platino-cpnide. in two 
layers, one of which IxHiomes visible on heating, whilst the 
other siriuiltaueously disajtpars. 



CUAJ^TKJl XVJ. 

• IXKh' KOI.' MISl'KLLAXKOrs ITIU'OMKS. 

• 

<'r)\Tt:NT>.- Ink powders and tablets- Lfisiwnnil ink 
lMiw«lcri.- Aniline ink |Mmilen> riitmt ink jiowilers iiml ilrii'cl 
inkn- Stencil inks -Sluu •••ml ink —Inks for rubber 
stamps - Inks for wricinfr on rIbbb -IlvilrolliiDne inkx 
— lli'Hii inl^— F«MTiM‘hV iM'iieil lor — ^Inks for writiniif 
on metals Ink for writing on leather Ink for ivory 
surfaces— Ink for writing on wood -Fireproof inks. 

Ink l\i\MiKK.s Anu Tahlkts. 

Thk earlioHt luetliods of pre|miing a ^lowder wliicli would 
yield an ink on tlio addition of water consisted of mixing 
togetlier tlie liuely-powdoreJ ingredients of t he ink. Thus 

* in 1660 describes an ink powder containing 
eipial parts of iinely ])owdored galls and fen'ous snlphate, 
wfth a sufficient (jiiaiitity of gum and shellac. Obviously, 
ink thus prepared would be very pale and of jjoor (|nality. 

’ A later method *was to evaporate a fpod iron gall ink 
to dryness, and to mix the iwwdei'cd residue with water os 
required. The disadvantage of tliis jirocess is that tlie 
pigment is rendered insoluble by tk' evn])onitioD, and that 
the ink prepared again from the powder contains particles 
suspended in water instead of being in solution. This 
object'ion also applies to f ink tablets, which 

were ]V^])ared in a similar fosliion. 

IHcUM uses his oxidised tannin extract (p. 96) as 
the basif of portable gall inje ])Owders. , ^ 

Logwood Ink Powders. -An old Austrian patent faken 
idUt by^ PkhrX ^Ifemed the use of a powdered ink, con- 

* 7V AirumcAi*, i66a ]). 273. 

t wljft. JoHrit., 1856. 440 - 
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Bistiog of 100 i)ai'tR of logwood extract with i part of 
}^otassiiim bichromate and lO parts of sodinin sulphiudigo* 
tate. 

r((x;A //(Eng. I’at., No. io6; 1867) made chuji for ink 
powders yielding ini& of different shades and' containing 
logwood extract or hmiuatoxyliii with various salts. Thus 
powdered logwood extract with imtassium diromate and 
bichrotnato yields an ink of ditlerent shades of brown, 
whilst by adding ])otassiu]u carlmate to the chromate a 
rich hl"e-black ink is produced, the colour bi*ing further 
modified by the addition of r.lniu. The use of copper 
acetiite in jdace of alum gives a blue-black shade ; whilst by 
using tin chloride, chrome alum or manganese sulphate in 
place of potassium chromate various shades of ]>urj)le are 
produced, 

J)hfirirh* gives the following directions for making 
logwood ink lenders: 

Jhl logirwl Logwood extract, 100 ; aluminium 
suiphate, 40 ; imtassium oxalate, 40; ])otaBsium bichro- 
mate, 3 ; and salicylic acid. r5 ])arts in 1 litre of water. 

riM fjOfjwmi 7 ^#/..— I jog wood extract, ICX); aluminium 
sulphate, 40 ; jtotassium oxalate, 60 ; imtassium bisulphate, 
10; potassium chrumate, 5; and salicylic acid, 1.5 ])artB. 

Aniline Ink Powders.— Owing to the readiueB.s w'th 
wliich they dissolve in water, certain aniline dye-stuffs 
are particularly suitable fur the pur|>ose of ink powders. . 

VinU in 1875 recommended the use ot nigi’osine, which 
was to lx* dissolved l)efore use in 80 parts of water; and 
biiice then aniline dye-stuffs have formed the basis of 
numerous English patents O'n/f mfm). 

Dii'fn'ich (lof. riL) has also de8cril>ed ink iwwders of 
different colours prepared from aniline dye-stuffs : 

liM- Juk Aniline grefu J)., 9; IVjiiceau 

R.R., 8.0 ; phenol blue, 1. 

llu! h\h I’onceau ivd, K.R. 

i Vrstrn 7 ///- Anilind gc*een. 

VuHfiJnk 7 Wf/'.— J*henol blue, 1.5; J*oncean R.R.^ 
2.0 parts. , * • 

Bltif-ffi'irrt. llienol, blue 1.5 ; ^nilide green, 2.5 parts! 


' /w. nt. 
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For copying iiik pOwdcrs grf^nter proportions of colonr* 
ing-matters to water ninst be used and sugar added, 

VicUvf Jnk Puirf/r/-.— Methyl vjolet, 20 ; sugar, 

10 ; and oxalic acid, 2^ri8. 

IM 1/1 Put/'thr. — Eosin#, i? ; ana sugar, 30* 

parts. 

^Ulur CojHiinif Ink Poinhr. — liesorciu blue, 5 ; sugar, 
20 ; and oxalic acid, 1.0 parts. . 

Patent Ink Powders and Dried InkB.-<-The earliest 
patent tor an ink powder was taken out by J{o|jnan in 
16O8 (No. 258), but no derails of the method of preparing 
the substance are given. After that date no ])atent seems 
to have been applied for until 1867, when t W»7/(Kng. l*at., 
No. 106) claimed the usf of vanoiis dry extra^s of dye- 
stuffs and Bolis, such as extract of Brazil wood with salts 
of tin, alum, tartrate, alkali or acid; Prussian blue, 
soluble indigo with suitable mordant ; sap grt'en, with or 
without alum ; saffron with alkali carbonate ; extract of 
French berries with alum ; and jjowdered galls or pjnro* 
gallol or a mixture of these with ferrous sulphate. 

lijlfmVn Ink Powder (Eng. Fat.,NA 974; 1876) contained 
logwood extract, indigo sn]])hate, and ferrous sulphate. 

In 1878 fAoWWfM (Eng. Pat., No. 1 5 86, Pror.j described 
ink powdtT for copying, which consisted of a solution of 
an aniline dye-stuff, with sugar, gum arabio, and glucose 
evaporated to dryness. 

Ptvjm^n tablet ftr inking rubber stam])3 (Eng. J'at., No. 
3179 ; 188C) consists of glyceiin, gelatin, or other glutinous 
substance, with an aniline or other dye-stuff. An ink in dry 
form ppotwted by Ai^iton (Eng. Pat, No. i4}3ll8; 1889) 
is prepai-ed by diring a solution of a soluble colouring 
containing gum, &c., on wood shaving, gelatin, &c. ; and 
siinilv |)aientsVeregrantedto and Gitlth/uid' iu 

1894 for the process of coating grannies of non-ijorous 
materiid with a pigment and binding material (Nos. 323C 
and 507^). The ink clj^med hj Sj//wt'$ (Eng. l*at, Nq. 
21,830 ; 1897) qptlBists of an aniline dye-stuff mflwd with 
' sodinu bicaibonate and a dry acid, the object of the latter 
ieing to cause efltrvesoence and thu* distribute the pig- 
ment thMfgh the water. 
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Stkncil Inks. . 

Inks intended for ns(‘ with stenril ])lates reonire to be 
fairly lliiid, an(T to yivdd characters wliicli dry iapidly, and 
are not easil\ effaced. 

tffruril Id-. — A inixtaiv of 2 jMirts of Bhellac and 
2 jiarts of borax is boiled with water (say 25 ])arlfi}, and 
the solution mixed with a suliicient quantity of ultra- 
marine ,to give the desiifd colour. 

Jllnd Slntril ///Zv—fi) The shellac and borax solution 
described aliove is mixed with a snital)l6 ])n>portion of 
lamp-black or nigi’osine instead of ultraiuarine. 

(ii) A mixture of 2 parts of manganese sul|)haie with 
I part of lami)-black and 4 parts of sugar i‘^ gn>und to a 
paste witJi a small (jiiantity of water, and a little gum 
arabic added to give eonsistene\ . 

Show Card Ink. An ink of siiuilai chainctiT to the 
preceding inks has been recommended for marking show 
cards and tickets for shop windows. It consists of 16 {larts 
of asphaltum. 18 pahs of Venice tur]»entine, 4 parts of 
lamp-black, aitd 40 parts of tnrpentiiie oil, thoi'uiighly 
mixed together. 


Ink.s Jll HW.II St.vmi’s. 

Many of the ink;) n.sed with rnbber stumjrs consist of an 
aniline dye-stuif in a .suitable tiiiid medium. 

Iliad /«/..— This can be pjvpanil from aniline black 
alcohol 15, and glycerin 15 ])arts. It is jwiu’ed upon 
the cushion of the stamp, and rubhed with a brush. 

Jlhu- //f/.’.— Soluble aniline blue, 3 ; distilled water, 10 ; 
acetic acid, lo; alcohol, 10; ^ud gl) c^rinl 70 parts^. The 
blue is mixed with the water in a mortar, the glycerin 
then gradually added, and lastly this other ingjvdKmte. 

• Jtilmi/uflin'i-ulotia are prepai^d in the same wily, <Jther 
iye-sliiis being used in place of the bjue. For examplj, 
methyl violet, 3 parts; fuchsine, 2 part^: ipethyl .green,* 
4 paiis; nigro.sinc (d>bie black;, *4 parts^ kc. 

A bright red ink can be obtained by using eoeiie, but in 
this case the aoctic acid must be^omit^eli. 
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ItvmUfs CnnrrlH >!/»Ink—An indeliye ink intended for 
use with rnbber stamps has been devised by Jlrirntj. It 
consists of the following iugredieuts :• linseed oil vmiiish', 
i6; fine lamji-black, 6f and ferrit chloride, 2 to 5 parts. 
This iiik^ilVst not be nsed witli uietal^tan^jis. 


Inks fou on Ulass. 

Hydrofluorio Inks.- One of the simplest ilnids nsed 
for marking glass is a dilute solntiou of hydrutiiioilc acid, 
which reacts with the silR'a in the glass, forming a per- 
manent etching. 

The objections to the ||se»of free hydrutliioric acid are 
that it is im])lea.snnt to handle, and that it must be kept in 
a bottle composed of material— /■.//., gntta-perclia— upon 
which it does not act.. 

It is far better to use a solution of a llaoriJe which is 
only mixed witli an acid solution when reqnii'ed, as in the 
case of the following pre|>aration : 

Solution I.— Sodium Huoride, 36 parta; potassium sul- 
phate, 7 parts ; distilled water, 5CX) ]»arts. 

Solution II. —Zinc chloride, 14 parts ; hydrochloric add, 
(>5 parts ; water, 500 ports. 

irlcpial parts of the two solutions are mixed, and the 
writing douQ with a clean rpiill pen. The etching in the 
glass appears after^abont thirty minutes. 

Besin Inks. An ink which gives writing not removed 
from glass by water is prepared by mixing together tlie 
following substances: Tnriwitine, 15 ; sbollac, lO; V'^enice 
turpeniiue, 3 ; and lamp-black, 3 pjirts. 

Another formida for a tlnid for writing on glass is a? 
follows: Rosin, ^0; alcohol, 150; borax, 35; methylene 
blue. f\ and water, 250 part?. 

Poertach»B Pencil tor Glass.— Eight paito of white 
wax aterfused with 2 parts of tallow, and a pigment such 
as lamp-black or Vrussifcn blue BtirreH in while tht 
rfilixture cools. When nearly cold, it is rolled into pendl 
fpm off a slab, an4^ covered with atpa^er case. 
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Inks fok WHms<i ox Mktaui. 

( 

Inh /or Mdah in (irio-rol. -A black ink wbicli can be 
used for writing* on clean metallic surfaces is^blained by 
fusing 5 juirts of copal, tben cautiously adding 6 parts of 
turpentine oil, little by little, and fmiilly stirring i part 
of lamp-black into the mixture. 

For a red ink 1 ])art of cinnalBir is used in place of the 
lamp-black, whilst inks of other colours can be ])repared 
by the nse of suitable proportions of pigments, such as 
PruBsiaii blue, aniline dye-.stulTs, 

'Phese inks should be thmiied with turpntiuo oil to the 
required degree of consistency. * 

Inh /or XI nr Aii ink intended Or writing on 

the zinc labels attached to jilants was devised by 
It consists of 1 part of potmisiiim chloi^atn and i ])ai‘t of 
copper sulphate, dissolvtMl in i8 ])arts of water, and 
thickened with a little gum arable. 'Plie writing is black, 
and will resist a fairly high temperatun*. 

A blue ink for tbe‘8ame ]mr|M)se is obtained by dissolv- 
ing 6o parts of potassium chloride and 120 i)arts of copper 
sulphate in 14CX) parts of water, and mixing the solution 
with a solution containing 1 part of soluble aniline blue, 
and 100 parts of dilute acetic acid in 400 jMirts of 
water. 

]Ilful, Td'J'or Iivii, Zhoy or dull black writing 

is ijroJuced on these metals by an ink of the fidlowing 
composition: Oopper sulphate, 5; dilute (5 per cent.) 
acetic acid, i ; gum, 2 ; and lamp-black i juirt, mixed 
with 5 ])arts of water. 

Id /or Copptr or Tin.— Vox tjjeso metals the ink 
described in the ])receding paragraph lAust Iw modified 
thus: Copper sulphate, 5 parts; aminoninm chloride, 
3 parts ; liydrochloric. acid, 3 parts ; gum, 2 parts ; and 
Jamp-black 1 part, in 5 jiarts ®f jvater. 

fiiL/or Yellowish-brown pliaracters are pro- 

duced (HI silver by a 7 i)er cent, solution of the double' 
chloride of gold and sodium, and the colour is changed to 


Wafff.er» J»hrf>fhrr„ 1873 . IIa, 2o6 . 
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block oil exposure to lie action of HkI!!. A solution of 
platiiiiini chlorido (‘tin also be employed, ns a block ink for* 
writing on silver. 

i.NK Am AVKiTJ\(i ()\ Lk.\tijj-:k. 

IJjie leather is first treated with a lo per cent, solution 
of gallot-oniiic acid, ooiiiainijg i ]ier cent, of gum arabic, 
ami then dried. It can then be writkm ou with an iron 
ink of thy following composition: Ferrous siiljihojo, 2 ; 
gum, 3 ; and water 20 ]»nrtH, to which a little indigo 
carmine is added to give a temporary colour, jumding the 
formation of the iron gallotannate in the leather. 

-Ink roll Ivoiiv SniFarKs. 

Lt'tilirr* i-ecciuimends the uso of solutions of silver 
nitrate ranging in strength fi-oui lo to i percent., accord- 
ing to the dei»th of tint retpiired. The ivory is prepared 
by being imnuwsed in a strong solution of ammonia, and 
washed with water. The writing may Jie toned to a brown 
eoloiir by treatment with a i percent, solution of sodium 
gold chloride, and fixed in a lO per cent solution of 
sodium thiosulphate (hyi>o). 

Ink for Writim} ox Wooi>. f 

The surface of tlio wood is repeatedly brushed with a 
boiling solution of gelatin, and then sixmged witli a 
mordant containing lo i)art8 of alnm, 2 parts of hydro- 
chloric acid, and lO parts of tin chloride in 50 parts of 
water. Writing of different colours may tlieu be done on 
this prcjiared surface with solutions of various pigments, 
such as cochineal (red), de^tion of Pcraiaii berries 
(yellow), decoction of aiiacardiym seeds (black), potassium 
permanganate (bi*own), decoction of logwood (bine), &c. 

FlRErKlKlF 1»KK. 

Numerbns inks Juv'C been described T^hich, when used 
with a siigovlly prepared paper, produce writing that 

\Die Tmte* ftihrikjfl on, p.%2S. t 
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resists the action uf fire. f^i)eakmg generally, these con- 
tain some incombustible material, such as graphite or a 
metallic coraponnd, which leaves a residue of oxide or 
metal when heated, and are used with a paper, containing 
more or less asbestos fibre. 

The use of such paper with a plumbago ink was claimed 
by JhlfiH iniji in itSyy (Eng. Vat., No. 262), whibt 7 /;//^// 
(Eng. i‘at.» No. 36S4 ; 1873) aiso claimed the aildition of 
asbestos to the raw material of paper. 

In t88i jmtented fEug. Vat., No. 3410) fireproof 
inks for writing or printing on jiajier containing asln'stos 
and wood fibre. These inks contained 5 or 10 per cent, 
of platinum chloride. 

il/r/ 7 /A Writihit ////.•.— Vlatinum chloride, 5 ; lavender 
oil, 15; Indian ink, 15; gum arabic. 1 : aad .water, 64 
parts. 

Fhpmf Oi-dphifr ////,•.— (!ra])hiii\ 85 : copal varnish. 
0.08; fenwis sulphate, 7.5; and tincture of galls 30 
parts, with suflicient indigo carmine to giv(* the re<]uin*d 
bluish colour. 

Fitrpfouf /Vpcr.— Wood fibre, i part ; askstos, 2 jwrts; 
borax, o.i part ; and alum, 0.2 part. 
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1S7S 

1 

2636 i 

1 

Ilicliinond. 

1 

1*878 

4fiofi 1 

Kmicci and 
Masak 

1878 

5123 1 
’ 1 

llii.kn<tion. 

1879 

526 1 

• 1 

Karjinc. 

'1879 

2256 , 

HoH'fi'l'l 

■1879 

^39* ' 

jlclIifiiV 

1879 1 

3499 , 

Tiiyli^. 

1879 

4i»7r 

Ilariii. 

• 


• s 

•• 


• • 

SiiliNi‘<>niiiii<-r 


liiciiiiihiislilili* |Ki|H>r ^‘iiJil ink. 

tii>ii ol s. I 

“l'ti|Mri»]>i:i|ilii«-*'[<^>1i}ini;jink. I'liijcr ' 
nmliil mill \iiriiish. ink. » Hilntinii ! 
Ill niiixlic iilk.ili mill l•llllMlnIl^ 
iiiiilii-r. I 

fiiililiMf ink. ('arlMiii in Miliilinn nf ' 
:ilk‘,ili Mlnah*. j 

Ink iiIiI.iiiiimI |i\ oxnlisiiiii II.jS((|^ hiIii- I 
Mon III nniliiii*. j 

Tiiniini lor ink lAtiMi'tiil li\ lintiliiiii \ 
tin* siilKiaiu'C coiit.iiniiis! il ^\illi 
hll|jllM|lllll>H ill'lli llllli<‘l‘ |in“>''llll‘. j 
i.n|ini\i>nii‘n(h in I'.itont No, 107S ul I 
1.S74. 

('o|i\ni:!'iiik iH'inil. .Vniliiio iIm> witli 
]iliiinli;mo iinii aiiiifMVo nintrniil. . 
(/Vi».| 

Jlitii k lor ink 011111111111 lo Ini I'lm Utis- ’ 
l.'ii with Inni' III a riMort 
.Miiniiiiii Inn* of :inilin«> liliirk. 
ink iHi-iHinil li\ iirlionol tiinH><‘>i('iii , 
on l‘olollrln•'nl!lttl‘r^ (r.tf., ol los- , 
woimI. ^•lll•■rlH•ny, ki*.) 

|ir^ iop.\int: ink |Hiivii<>r. 

INirt.iM«‘ ink. \li<<orlM>iit niiitnriiii ' 
Kituiali'il mtii unilinn ilio. iVr 1 
S\ iiijKitlirlir ink. Drv tannin nml | 
nnliiilniiiH ll■rroll^ i>iii|iiiiiti' ninili' : 
inlo iNifti* mill iM'nxnni’ iiml Mirnisli. 1 
Coining! ink imwiler. yolntion ol 1 
nniliiie ilyiMiuK.'ir, f>nin, ki*.. »•^aIHl^- • 
nlnl to iln'iMK'i. ! 

[nili’liiili’ ink, iHiiilniniiii' inilini' binyk, 
nndfllMi till' MilNliinn* for loniiinif 
aniliiu' bkii'k. 

('o|n inu ink. Anilin.’ colour in iilcoliol | 
mill wnlcr. j 

Ink Inim vannilinin or iN snilb i^itli 
(ixfiliM'iii iijicnt to lorni n mordant , 
(|in'l. wilt of nickel or cojiiht) I 
Ink nllachrtl tociivitj of jk'Ii by ml- j 
li^ivc inatcriiil. I 

< V|i\ iiii; a[i]inmliii' (lif^lntin) and aniliiii' 
ink • 

Aniliiic inkK. 1 

KiMiiiiilion «l nmliuc black [iiImi an . 
, nmrkiiii: ink]. UVwr.) ■ 

Aniline and nictiillu! iiika for ^n]iyin|t 


^|i[ittrut[i>i 
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j Ni> j<iiiiji-ct'iiin(UT. 

I • 

iViSo ' A {S<‘riri‘l. Miirkiii!* tiiiiil lur |iii]i;V '•illunii'tti a 

' . (/'/•»»!•) 

' litSi 7^1 >1iHliliirt. , Maiiiiliictiirr iil ink Iniiii x|h'IiI tan 

lli|IInr->. , 

• iSM ooj (itiiMuaM. , Dn ^ntnintr ink. irniniinn iiivtiitf. 

'•nuar. :;lMriin nitli ktufunmi rxtnict 
nini ainni.i.r nniliiir (‘ulunr]. 

1^1 1(U2 rrii-'linan niul Ink Irnui n.ixti' inn Iniijiir ami inm 

l.i>li^'li:)\\. -.ill'. 

lS.S] 2 q|,S .Nliiiiitt <'o|>\Ni:z !i|i|i:ir.ilii- lli'lntin uilli 
ulviiTin .mil •liriiim- iilnin Ink 
uliii-h I'lint.iin- ni'niiiiiin pall ami j 
imliLM I. ill t- rlii'inii'iillv 
on -nli'lanri* in lli< p'llv [ 


liSi 


Ml 111. 

riri|ir<Hi| ink. Uiiiiu nr |iiiiitiin! j 
null ink I'niilamiii:.' |il.iiiiiniii .’lilo- 1 
Ml].' (Ill ;ia|ii‘i (iiiilaiiiiiii! a-lii-to-. ' 

iSSi 


♦ iiirnm 

Ink troin -|>l•lll tim lii|nor iiinl ii'nii | 
liliim'- ' 

iSSi 

.V 07 

"ai li'. 

S.'11'iiu* ink lorli.niii:: i!i-ii;iip. .\f- | 
iioii 111 liL'Iil on liii'liriiiniil*'. 1 

I.VN2 

'* 

K.'i"ia. 

• 

IniHiMi* ink. l^iintina ink > 

aiiil null liTion- ami liTri. niIK I 
ami tlnnni’il uitli lni|ii‘ittini‘, \i‘. I 
i/'/i'i 1 

iSSj 

3 “''3 

Ik’llliol.l, 

\nilim‘ or uall inkM‘iinlaiiiin};alriihii1, 
-|iiiii o| 'amplior. \<. lirMii;; iii« | 
•ninth on 1 mil.irl nilh tlm |ia|H-r.* ’ 

I'iSi 

-Svi 

run- 1 a \ 

1 <• 

Imlililili ink. l.iia\\iMii|i<>inii'i.Mi!;ar. j 
•uiiiim* til.u'k ami -mil. , 

iSS? 

JIKV 

liii'lnl) 

N<>n*'im-aiin;: tifiMiii: ink .\i](lilioii ' 
0! L'in.:.'i ill'll L'lim aialnr in iron ! 
t! ill ink 1 /' .11 ) 1 

I.VS4 

;ifjo 

1 lll’lnl 

I'ii|iMnL'i.i|iliii- ink. Imn. lannn aciil 
amiai\Miiii . > 

iSSi 

44 U 

.\niionr. 

Ink ri*iiio(.il.lf li\ u.i-liinif. 


S’;! 

Krn-li» r. 

Ink tioiii n'i'li loanrHiil. ami linin'.* • 
-mill iiitlii'ninali- .i| ihmim \iiK 

i ^’*5 


W.1-. 

llll^•lllll• ink iinifi (•■irliiiiii-f'ii aiisar • 
-1 nni. 

iSV. 

3«70 

ra\lii*. 

Ink i.ilili I tor inkiiu' riililHT -i!iiii|w. 

I vs; 

7 jO 

Ilniil\. 

'-\m|i.illii'ni ink M.iiim-iiTiii niatino* 

1 Wiiliji' 


/Iiii'krii‘\ 

.\<|ililiBn III Cat 1 , In ink to jimvinU 
(IrMii:: ^•l•tuilL' |•'l|••'r cniitainiiiK 

-o<lii;m 'iiliilinli' or^nratc U (ii'cnin-' 
lio'f llm *',1^1,. -n iliat tin* writing 
(‘.■111 iln. 

I.S.S7 

IPU 2 S 

•Jroili 

Ill•^■llll|.' ink. ^lila.'k ('i*n|tt)nuil fn>!ii 
j .'I'liUm in fnilaiili' iiiwliiint. 


I 
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lane. 

Na 

Xhiuc. 

•1888 

AS 

iJiuiitrj. * 

t 

1888 

• 

7*49 

Smith. 

i 

! 1888 

747a 

I^le1<•h. 

; 1880 

2360 

llmsier .ind 
Knowles. 

‘ 1889 

8971 

31 ills. 

iS8(} 

14.#S8 

* Ashton. 

18.S9 

>5.565 

I'liHinl. 

! 

i-Stjo 

2011 

Co.iradnnd ; 
Jdllei. 

; *890 

2130 

1 Tsvholou. 

' 1890 

1 

10,401 

(Vuinid 

1 

|i890 

10,905 

I rittard. 

i 

1 1890 

>5.857 

Higgins, 1 

1 1890 

15.858 

riiggiiiH. j 

' *890 1 

■16.757 

.lust, Weilor, 1 
iinil 

Helilc}»riein 

1 1890 

i »373 

Ucales. 

,1891 

1G16 

Leech and 
Jlrilrobin. 

1891 

• 3247 

Cis"n. 

1891 

• 1 

^ 3 ? 

ShiTuood. 

e 


Solution of nuilino colour with 
iind ]M)lnf4'ii>ni bictronintn. Vxjxhed 
to t>uu. • 

Manilold co]iyiiig ink (niiiline in water, 
UCI niid iilcohol), used with blub of 
chiiin ciny. bturch, glycerin, and 
water, 

iti\iMbl«‘ ink. Writing with wlntion 
of KXO, or Kf'l on nuii-glqpl biir- 
huf. and upvlyini! Iiot wire. 

Writing ink (ionijiuKed of alkaline ex> 
tract of libroiiK jtlaut, Btmhmu 
I iihiii. 

Snifhun ink Addition of un (inti* 
sejitic. agent. 

l)ry inkb. Soluble colours with gum, 
&c.. dried on wimkI, shavingH, ivc. 

liniMble ink for envelo]ies. rniuinm 
(iietate and iiotaxbinni lerri u}‘nnidu 
with nliite lend u]i]ilied niUi htbo* 
gni{diiv \ iimihli. SI mm brings about 
miction. 

Coining inky Addition of indigo cur* 
iiiiiie iind uuiliuc black with gljiuTin 
and imiguehium chloride to nn iron 
gull ink. 

Invisible ink. ^Vriting on Muootli su^ 
face with cbulk wabr and dusting 
lellers nitli {lowder, r.if., graphite. 

Cupiing ink. Addition of delii|Ueseunt 
halts {f^,, aminoninin nitrate), and 
glycerin. 

Copying imiksr. l*nper trmted with 
giillh* iH'id— iron ink. Mo presa re* 
{[uiri'd. 

Ink fur stuu])s. Olcic acid and dye* 
stuff, rg„ methyl violet. 

Idem. Solution ol niiilinn colour in 
essential oil. 

Sutety ink. Carbon black, vanadium 
cumponiids, galls, kc. 

tiuiying ink and pn>iJurcii i»por, No 
tamping inpor rwiuired. \ 

Indelible ink. Tur|iciitine, ijjifhalt, 
roiu, alum, beeswax and colour. 

Copyiug Ulyccrin uiid candied 
sugar in ordiihry iuk. 

Corjing ink. Soluble nniliuo 
iHiTas. water, and boiled iluseod oil. 


w 
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— 



j Dtlf 

1 ' 

1 No 

Nhiih* 

Siiiiii-ct-iniitn-i 

j ltS()2 

I »>3 

lliumii- 

.^t iiiiiiiii;! ink \niliiii‘ Oiiliiiir witli^ 
iiM-il oil iiinl i‘arliiilii- !ii.|Al. * 

j lS«<2 

1S.721 

Kri'V^fll Hiifi 

(‘■•lixiiiu ink Laiiiii-liliii'k ill 'iiiiitiiiii 

III iiniliiii- ill 1- i-i ii|iiii-,iii-i|. aiiii rc'iiiin- 
iiiivi-il with litliMuiiiiihic \iiini-li. • 

' isoj 


Uliiiii .‘ill 

itii|i-liH ink. Aliiliiiniiiin|Hi\Mli‘r with 
liiiili-itiM- Miniish. 

1 iSi)3 

lOxS^fj 

ll..llxn 

''.iiiilarx ink Vililiiiuti nl iiiim- nl 

ri-t.iliihlii- 

! 

! 

' '^ 2 P 

\|i-llMiM'<it 

:iiiil 

(ii>liliii.irk. 

Ih'-il ink. liiiiiiiili-' III iiMii-|Hirnii-. 
•>iiiH.'‘.iii-<i>\ri‘i‘ii witli ilrii-il ink 

; 

i 

5 " 7 ‘'‘ 

Ni>‘ii^t.ii‘iU 

iiiid 

(ili|i1lll.llk. 

lirn-ii ink (il.i--. nr ini’tii!, \i . 1 nati'il 
ni'h |>^jiiiiint anil l•lll•tlln! in.iiiii.il. 

! »«‘J 5 

1 

OcijS 

'Ihlirk.l 

Mii-tx |ia|ii-i ( natnl ui'h ■■■(Iniir Ink 
liIiicMsihi inliilli'nl |iull mil Will (i'll 

! 

J-Ijo 

.\il.llli- 

''\in|i.iihi'ti) ink Iiilnli ll>t>, 

11 i;i , wiiiini! iiiaili' mmIiIi In 
liiiit 

1896 

17226 

Tfllipir 

Nnii->l:iiiuiiu ink. .\ilililinii lit silini- 
1 l•nl|lllnnll. /v/ . nnlinarx sill. 


21 S}o 

S|M iiv) r! 

Itrmil ink. \niiini' il\i' willi -iwlinrii < 
iMi-arlNiiiiitr tinil mnl In iimmIiih ' 
i 41 i-r\iMi‘iiii> iiinl liiltn-i' inlnin' in j 
waliT ' 

1 1S97 

21.991 

M6II11 

tii\'-ihli- am! iiiiii'lihli' ink. .\lin;i 
uml whili' ii.irlir jiiiu' M«.ihli' mi ^ 
iiH.itiiiu 1 1 

1K9S 

^294 

l/'iiiiliiinl 

r*i' nt limili!i'n r.n^* in wiitini:. 

• 1S98 

2464.1 

l.i« hti-iii:iu. 

Inili'lilih- ink Vtirlinii in 'nap uml ! 
wati-r nr ntln'r nii-iliiiin. | 

! 1899 
j 

6727 

Kri-tH-|ini:iiiii 

Sxiiiimtliitii ink 1 ’ii|iit tn-ati'd with - 
Miliitimi nl iiiliiill I'hlnrhli'. Ink 11 * 
'Dliitiiin nj riM’k -iill. 

' 1890 

S»i 76 

Itn< lii-ni. 

SMn|iiilhi-tii' ink. Twn ^ll1Hlnnl'•‘'. 

1 '/ ('Illicit I'liliiriili' iiiiil iii.'t|iiii>Miiiii ' 
liliitiiiiM'ianiili'.nni'lH'inniiii;' vi-ilih- , 
aini nthi‘i‘ iliMippr.inii;: mi hi'a'iiif;. 

i. 

> 4-657 

I’llWiT. 

riii|ii<lh-(lr\in); ink Tim inn . ham- | 
iiim-li'. tiiii'tiiri' ill iron, ami piiii 
tiiahii ill '•pint' III wim-. ! 

Kill ink ^rmii nw jH-tal' j 

1*1900 

, > 29 <’- 

Ixiuiilisirit. 

('(ipxina h\ iiiifiii' Ilf KmitKi-n ni\'. | 

i iqof. 

7 .V >7 

Kn-tM liijiiinii. 

.''xiii]mtiii>ti> ink'. , I'liiHT tniitml with*! 
iiiiii-li\;:i(M‘ii|)ii'ni 1 i:i 7 . Kill. Vt'ritiiii; 
with 'iiliitimi li Milt ami riilMiinci' ' 
(f.y., \in> iriir) to iinMliiui'Jiv^riiMopif [ 
'iill. 



JXKS 


m 



1 ' i * 


MhIi*. 

N’i» j Niiiii • 

KiliiiifMiiiuiil 

— 



,*900 

1 

i 

I Utowii • 

■ 

j 

( i>|)\iii!! ]Ki|ii‘i I'ii|ii*r Iii'jiIimI (III 
•n|r ffhli liririlniAl iini^iiii ! 

Hot Hlti'i|<'il Im (uitiim ink. Xl> 

• ilaiiipiti!! rniiiiii'd. | 


INK>. 


lS.|S 

11.174 


^ Vii«iioiii:ii ill Miliitioii oi 'iiltiT liirtnili* { 
.\l|lllllllHlll ICold hilllo. j 

iNSt) 


* IllllliiH 

l’i.itiHimi mII iiddi'd to llii‘ 1 

Ml\«*r (/Vrti ) ' 

iSjS 


iHllltl. 

M.irkiiii! ink iNninix. hidt» nilii 

t)l.iik iiMd or otiii’i jiniMMiniiil 
niloiiiiiiK-iiinlhr. 

ii;o4 

i8jS 1 

ll)‘d iiik-nmddi‘r with OMdiiiniil. iiiii- 
f!<‘iilii «>r ciinniiK*. Alum ii« iiKirdiiiit. 
(Z'm.) 

1 IS04 

i 

2511 

MoIIit 

i^lnild«'i •‘\ttin 1 tMlIi idkidiwilt in!il<‘o- 
liul 1 i>nni iiml \«>rniilii)U. Aliiiii 
iiM'd |>n‘\iou>.l\ UH inordiiiit. 

1 >877 

+ ■» 

1 

370 

Scliroll. 

Miirkiiif! ink jN'iK’il. ('i)ni]N><iit{oi) ol 
rlin, Mlvi‘r uitniff, »r ntlUT hulidd*' 
HhiTMiltninl |iInndRif;ii. 

! 187.S 

5122'' IlickNMtll. 

• 

Vniiiuliniii HiiltN nitli iixidihiiif' Mill iiti 
ipnrdiiiil. Fill' iMiIul |)l•ll('ll. friiiii. d(‘x- 
Irin. (.'liiy, JU*.. iiddi‘d 

1879 

3499 

Tilt liir. 

Fornuitnni nf iinilinr lilnck within tin' 
ruhrir. 

iK8u 

• 

1771 

•lolllINHI. 

Iin|iri'j:iuitiin: libriN mill nii\tiin> roii* 
Iniiiiiii; ortlni-iiilro-|dii‘nvl-iiri»iii«lii* 
iii'id. ri'dtu'inii iiiri'iit mid iilktili. niid 
di'tidniiiui* mtii hint. 

1880 

iSj8 

iSiirllh. 

Koniiiition nf dvi‘-Htiil1h fruiii |inly- 
Milphiilo III hi'iivt nii't'ik 

1881 

46(1 

JllllllMIll. 

I’h* III MiI{iiiidi‘K iir HiiIpliiH’oniiHiniidH 
(if alkali undnlH nh n)diH’in|! ai^ciith in 
INVtioibinti'iil 

1882 

• 

I046 

Iiaiil>lMvk. 

t • 

t’Aloiin'd iniirkiiii; ifikh. Snlicvlic ncid,] 
iiniMsutiiic nil, Kpirith nf gly- 

irrin, and (•iilniiriug-iiiiiltcr (vi'r- 

11883 

• 

7 SI 

« » 

Mi(‘kiV>i)n 
luid Liiiiff- * 
In'!:! * 

milioii, to'.}. 

rdloiir ini\nl tith unliition of vaout- 
(’liuiic in cnrhuu lii«ulphi(ii‘. 

■ 

• ^ 


. .. 

t _ _ _ .J 
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'hltp 

Nn 

Niifflp. 

Siiliiiit-inatii.r. 


75 * 

and LiPjgr- 

Colour iiiiuil witJi Ihim*/ o[ nmi'iiic* 
|H‘nlo.Mdi‘. turiH'.'itini*, < ml friyceriu. 
1'i‘iiiiU rrom hiimi: iiii.\tiin‘. 

1SS4 

9149 


IViiril with inarkiiifr iNiint (.\};X()j 
With XXO,) at om* i>nd and iiiordaiit 
(|i4riV']illiil, wax and borax) at th(> 
other. 

■ I 6 i 4 

15.961 

HickihMtii. 

31 ordiiiil lor ]H‘iieil. Miiihti'iii'd and 
a]i|ilii'il to liiii'ii. 

j isss 

3980 


Monim^ii rendi.riiip onIinar\ writinir 
iiiMiliibli' III waliT, 

1 tSSS 

j 

647 

Iliiinitn. 

.'^olnl.ii* ‘.*010111- with iroliiliii nnd ]iiitiih- 
Mum liirlinmiiiti'. writing; lAlHioeil to 
.•iinliai 1. 

, >»*3 

5319 

J[iikisMiii I Aiiiliiii' sidiil>li‘ ill 9^‘l iIN.>i)|\ciI in 
i'.tj.. ni.>liir Dll. mid • MiliitKins 

lliiniii.d with tiir|)i‘iitiiii>. Kor iMMirils. 

• mi.\iMl with s,iii;il)|«. Iiii'.i.. 

. ...1 

riMXTIXtJ IXK.\ 

1772 

1012 

ItilWli'V. 

Ink for printintr ]ilii\inf; i-iiriU in 
1‘oloiirN 

1821 

4(101 , 

.Mari III iiud 
(irattoii. 

Soot III burnt nuil'tar u*. |ii(;in(*iit. 1 

1 : 

1 ' 

(11S2 

Siiiitli and 
IniIut. 

IMibli* ink for rojiyini; kookN 

j 1835 ' 

1 

690O ' 

Ihrd. 

i'riiitiiijr ink. l'.^* ol a iniuf.*rul (‘artii 
iiii piitnii'iit. 

1 ! 

483’ 

(iiMidrll. 

Cm* of ri'-idiie from imriflcution of nniiu 

oil. 

! 'XSi ■ 

1900 

(iwUllH*. 

I’owib'n'tl nail id. jiif'iiieiit. 

'853 j 

1920 

Ni wion 

Cm* ol rohidui* froin dii>tillatiuii of 
roMii oil. 

1 I «53 1 

*243 

3 lHltlll«.||l‘ 

('ni'lioiiiM*d n;;iiiti‘ 11^ |ii|.'im*nt. 

7 

1575 

.Nri'Inr. 

hi|N‘t inrboiiiM*d Willi '<ul|ilinri. iu*id 
iiH |iii>mi*nt. 

i ' 851 ! 

2490 i 

ill' 1.1 Kill’. 

.\ddilioniif ftlM'i'rin. 

L> 855 | 

3 * . 

1 * 1 

Li\f.sn. 

Orilinart l4|ioi'ra|ihi(' ink mir'd with 
varrii%'i ro^^ll. and Vciiia* tiir]N*ii- 
tim*. 

; >8u 1 


Kiihliiiium. 

Addition ot Mlirjii'>lo ll•l(l•r]lrf‘tiH ink.* 
Additi%'i of ni.in;'aiii*M ImKiti*. ** 

: >855 ’ 

1918 ' 

Ill* III Kill*., 

i i« 5»3 ■ 

400 

(I'rihil. 

Additlnn of odortli'nnih rihi'iitiul iiIIh. 

if>:o . 

4.6' 

Dnmiiiaii. 

J'ii;im‘nt iToiii bilmiiinoii> ihalu uud 
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1 1)|U‘. 

-- 

No. 

j 

Name. 

• 1856 

•2^6 

I • 

1 UiiderwtHid 
iifid Hurt 


IIZ2 

('nderniHuL 

|l« 5 ? 

1518 

jWiitthewT. 

' '857 

1744 

Si'ropiaii. 

1858 

1187 

Stuart. 

1859 

130 

Viette. 

1859 

348 

3 ](jhi>. 

1859 

1282 

Iladlii Id. 

1859 

2081 

< 'oHins. < 

' 1859 

a.l 9 ^ 

I'almer. 

iSbo 

•38S 

ilallaiide. 

' 1860 

144s 

Tliierri. 

iSiip 

2640 

Xml. 

, 1862 
ISb? 

767 

nriKiman. 

2654 

I’riuci'. 

, 1862 

3074 

(V(K', 

1863 

15^ 

.Mel.mn. 

1W3 

3204 

IlugheN 

■ ^8(14 

2854 

iluwle>. 

i iSos 

332 ^ 

Xentou. 

, 1S66 

367 

H()lmes. 

: 18(16 

J 737 

Holines. 

:i8o8 

2578 

P.amMV. 


ibslgo. 

1 1S69 

439 

Kiiiko, 

1 (869 

28^ 

Kirehncr ' 
iNid Kbner. ^ 

■ iS6(/ 

2946 

Ma). j 

|i 869 

^2993 

Kloen. j 

. 1869 

<8543 

If^lwurds. 

1870* 

9^7] 

•fnejison. 

1870 

1419 1 

Lawrence. 


• 1 


• . 

• | 

«« 


S«lijiH-t-ianUiT. 


1 I <'»l»yiMg|»rintiiigiuk. ftnd fur- 

(*it]i]tiTiK priiitini* ink, (lio^-ood ex- 
1 tnn l ) 

j (irw*!! ink. Cliruininin oxidi, nud atit- 

I iiinli. 

. Ink foroheiiwi'h. ' 

I l{i‘hidii(! fniin distil lid inn nf hitii- 
luiiiutis M|lv^(mn‘esll^ ])ij;iu«iit. 
*Lilliopnij>liic ink coutiiiniug giitta* 

. jiiTi'hii. 

' Ink hir i*lii‘i|iH>s. 

A|yKir»tii<> fur viirnish iniiiiufiictiiru. 
f TninsfiT ink, 

Auiiinu In -]irfKliu.‘t a- jiignient. 

' SiifH) printing Ink. 

, i'lgiiM'ul tin'iHircd fnmi curhuniM'd 

M'hist. 

(•rinding mills 

Jiiks for printing on glass. 

^ Tht* of ladmliMini iiriKliicU in lltlio* 
gnipiiio Miniisli. 

' Tolcgnijih i«k. Aiiilino in dilute olvo- 
hol, tlihdki’uiHl ititli ginteii. 

! Pigiiinit Inmi sliulf. (/'rwr.) 

ink for chiijues, ( 'oin]N)imd of stannic 
‘ acid and cliromiuni oxide. 

; Tsc of iiilcin Miiistancc Inmi distilln- 
' tion of cotton oil 
, Oil sulistitiitu ]in.‘iaired from glue or 
gelatin. 

Ainiiiiil pitch (bone oil pitch) as luinp- 
idack biilMtit ute. (P, or . ) 

Idem. 

I'iginents. Oxides of iron heated with 
carlHiuiM'd iN>nt. 

Indigo jwinling ink. 

Delible printing ink. Ferric hydroxide 
with tannin in n varnish. 
^Dii'oleiiginoiis 'uks. Glycerin, gnms, 
nud pigment. 

WiiteM*oloiir inks, riguiunts with 
, gljeerin, gums, siipi'- or other sub- 
staiici'H soluble fh water. , 1 

rhotO’mi'cimniHd ink fixt.n greasy 
ink. 

|iitlrlnding«uills. 

ink eoiituiniug glycerin, gum, sugar, 
nud pigment 
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1 

i 

Sii. 

Kaiitt*. 

Siihiiri-mBtit-r 

1S70 

iSt.i 


r* 4 ‘ ill iiiiitinf -till- mill 1 suit' 

mill ail 4)\iili'iii2 ! 2i'iil. 1 

* 1S70 

27<12 

Ltk.' 

( l'oii|i.iii). 

I’m* III jM'inili'iiiii |iriKlfii-t'. 

1S71 

6s<) 

L-ikr. 

Hit! ink. I''t'iil |iit!llirlll MilllhU 
III n.r T and nl suliililr tiuiii' 

1S71 

2'/45 

riiikiii‘\ 

I't-ui aiiiliiii- 'all mill silt'nl ^.iiia- 
itiiiiii anil nil ki-l. 

' 1S71 

A 3 t >5 

.Mi‘( ri'iiih. 

.\]i|i:iRiiii' liii l>ll■nllln!: |■l■ll■lll^■ 


-’133 

Ijtll./ 

ri-li>i;i.i|iliii aptiaialii'. Ink ni ainlini' 
liiiii* III alM'iTin. 


31 iO 

M;i> k:i\. 

T'l mI ml nriixi'i'i'd lioni na'lr 
l.ilirii '. 

1S7J 

3 ‘ 7 ^‘ 

Nfwliiii 

I'l^nil III ' II pinitiiia liiln'n ' 

IS;’, 

3 i‘>'' 

Klll2i|>itl 

iiiiadiic mill', , 

i-V.! 

;nS4 

liwilt. 

rir>‘pii>iit ink. Adilitimi 111, .I'lM'sIti' 

pii\M|i‘t 

1S73 

jSijci 

'’’iiiilli iiii'l 
i'liiiiit.'ini. 

IliMiiiiC punt 'iti ink In iinilorin tun- 

piiMtiin III liii’f ii'i' 

>N7.? 


'1 iiiitii<‘i*- 

1 <1 Hi ll•■l\ \ ml' .mil pMi lir' linili 

1S74 

' 2iiS 

< link 

\|ip.iMtii' ill! lull' III k‘imp> 

Ilk’ll k 

1S74 

i 1117s 

* 1 «' /.IKi'illo 

r.ip\iii2i,iplii'' ink. t'iiit'I'i alk.il 
'iilntiiiii and uindvki Inumi. 

1X7* 

IS 59 

riMI'.'IH’ 

I'.iiliiin in a 'ilicaii 'olniimi.i' indi liMi' 
ink. 

/S74 


cliirk 

.Miiiiipinj ink .Niliilniii nl riilmir ii 
all iilml and ulu'riiii. 

1X7 j 

4421 

Ki»il> 

Mniiiil.il tnir III pii:nii‘ni ,111111 2:1'' inr 

i'VS 

(KJ 5 

Wliitliiiiii. 

Ink Inl plllltlllL' "II XViHid, 

iS 7 S 

lO'fJ 

( lark 

rriidiiiiii)ii nl .iitiliiii’ lilark Inr piinl' 

1^575 

l<ul 

ll.ilxoako 

Tpari'li-i ink (/'/'*« 1 

1S75 

37<»2 

bliMiii. 

Ink Ini' anliiuiaplin prinlinu. rrinti'r'' 
ink tliiniii’il mill i.i'im ml. 

iS7(j 

Ih i 2 

Ili’Ufl. 

IVinlinu on i>h" 

x'' 7 f» 

221/S 

Iiniuk' 

1 iiliiiiri’d irAitiiiu ink^ S| nil mii- 

ni'IP * 

1876 

2O2I 

%iii;!l<'r. 

.Mi'talln prinliii!! ink'. Soliilnn nl 
alliiiiiH-ii ii' u-liii In. 

1870 

1 

3^70 

• 

ri 2 ini-nl 4 Irmn anilirai ilr 1111^1 otlnr 
n/ak* t|/V’i»’./ 

i« 7 (. 

*^70 

hllkl|i‘\. 

Ink liircliiiini’.'. T'imiI riTnM’xanidm 
xutli aniliin* nr^iVi’lalili' ndmirh. 

1S77 

l6ri 


^ rimiH’iitf Irmn nnllinii'ili'. ^c. (/w.) 

1877 



Viilo;:niptin’ ink *Aniliin‘ (iiliiiii> in 
aii’tii-arill and (>lw’i'rin. - w 

1H7; 


VViiliaiii . 

I’mlinitiiil. 1 ii*x>i 'ti'iini. 



1 iJINTING INKS 


2:J7 


Dale. 

N'o 1 

^.OIIl• * ' 



! 

•_ . 


iAV 

Howard. * 

1S77 


L'yeiin-nx 

I878 

270!) ' 

and Lipni. 
LNtoii. 

i 87« 

I 

5098 

W’intei holl. 

1 1S7., 

• 141 

Iladdan 

1 1 871; 

402 

l-iinnaek 

I iS7g : 

2518 

and Arpall. 
tir.ij. 

1 *‘*^70 

J.WI , 

.lellerie<< 

i i'V9 

«U4' 

\eslnl 

! 1S79 : 

I 

4524 

(listener. 

i '■ 

' 11870 

4<»4.‘i i 

Iwhseler. ' 

, >1*70 

4788 , 

]inra;i. 

1879 

1 ; 

4997 1 

Iladdan. j 

i*87‘> 1 

.S232 1 

[ W’irlli. 1 

J iSSo ' 

827 1 

j 

I I’lleidenT. | 

j 

' ]K8o 

102S 

1 Kl'i^in. 

1 iSlaj , 

Ibis 

1 Alexnnder. | 


183S 

j Snells. 

1 1880 

1971 

3216 

I Snvipnv and 

! 1880 i 

' ('olliinain. 
KessM'ler. 

1880 p 

3418 

1 

j i'lipi'rer. 

1880 , 

IIS9I 

1 

1 Hertnini. 


iSSo 
i8«o I 
1880* 

1881 


461^ I r>u't.'riii. 

4 S4ii I WM. 

4874 f iWmlt 
•37i ^ 

, JlflliAV. 


I'lUlilflli Inilll |M‘Utcll.|IVnt|I. 

Kii!rRi\iiiK iii^ <Miiir.iitiiiiii hiiffiir, f;iiiii 

:iniiiic. hilinii's 
Ink Inr priiitiiti* «ii) iMrtlicinviiri'. I’ii'- 
mciit nitli or iiiiilasM*^ 

!ikk ior«)iiii;i, uihhI. iron, l‘i»iii(‘iiti 
uitli xanii'Ji III ml. ri‘»inii. Veilin' 
iiir|M'iiliiii'. «n\. ••iiH niiii llii\. 
Mi'tnliie ]Ki\\i!er iiinir]ior:it(j{i with 
Miliitioii III Miiente. 

Kaolin I lav in a Ikh* lor the |>ii'iiient. 

l'ie|Hii.ilioii of xarinVIi lo lreatiii}> oil 
Alli hot air. 

rrainler ink. Tn^iele ami {iliii' 

Ink for elinineh. .Vniliiie nrintiiif! ink. 
Wilier eolmir iRiimler iiiL .Mixture 
o| ,1 water eoiotir iiianieni in aniline 
with iilieerin. varnmli. ^lrll|l anil 
ininenil |ii!;ineiit, (/*/iro,) 

Ink lor r.iiieoi;ra)iIi\. I'lteli. tar oil, 
latlx aeiii. aniline violet and n'hiiliie 
from ilisiijLition oi roMii oil 
Tniiihleriirimiiiit ink<(. 

Ink lor ellel|lle^. ItiL'Iironiate. ferrous 
Mil|dinte, 'leiTiK'xaniiles. |o(;wimkI, 
oMilie iieid and trlieei in. (/V«r.) 


Iialhiini, Veilin' tnrjientine. rosin oil 
and driei.o. 

! Ink for iirintini> oil elolli 
' rii'iiieiit Imin liitiniieiip and Imlni- 
earlKni''. t/*wr.) 

I'm* of iheiii]; siilistanee in ]irinliiig 
ink. 

Th' of a h|NTinl x'e^etiildu eolmiriuK- 
inntter. 

I Ink from piteh. bitty iieid. aniline 
i f inlet, anil tar oil. 

I Colouring; eoiiijHisilioii for impivsHion 
ndlers. i^Pnir.) 

Flexible inL Aniline, an-tie acid, plii- 
L Von*, pliie. plyn'in and w'nler. 

I'm' of ml from eottmi wii»te. 

Ink tor eiilieo jiriidinp. 

! ]^nk lor eu|lnloiil. Aniline eolonrs in 
1 viirUdie iieidP 
! Ink for ehtsiiies. 
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Itfttp, 

N<i 

Xmiip. 

1 SnUjcfi-uailrr. 


— 

— 

1 - 

iSSi 

436 

I'oiiNtiii. 

' Traii'liT ink fur linthi-r, ^S*'- 

tiiinin!; iiii'I^iiifr in lln-ir naliT 

111 motalliMitioii.f'.// . iiliiiii iiT Miiiunn 
Kulphatr. 

IS$I 

S14 

Miirii' anil 

I’m* I lf nitrii’ i‘i>ti‘rK i»l ^nplrl^. (l‘roi.) 


I'liimi'A 

r<4> III tniinin lilin-k from IratliiT wtioti' 

II- i.im|i-l)tiii k -iili-liliiti‘. 

iS8i 

roj 

lianl aiiil 

iSSi 

1002 

Ejiiiir*‘lian 

Tannin lihu k Iruni >>}H‘nl tiiu Iniimi^ 


' 

aiiil 

I'riiMinnn 

(/Viii.) 

1881 

1203 

ilni(‘k(>liii'i‘li 

rnnti-rV viiriii-li nilliout lin-i-fil nit. 
(‘iilo|iliiiii\ anil |iHnitliii oil. (/Vni 

iSSi 

2103 

ltii»t:iiiil. 

, r-i‘ 1 oil I'xliai til* Imm l■lll;illl' rottoii 
ttii-li>. *’ 

1881 

2274 

<«. :iiiil 

hilu'liMniiitii iiriiiliiiL' Irk I’otilaiiunu 


11 . 11 . 3 Vlnti> 

iiniliiii'ilM-Miit*-. ki. ' 

18S1 

286S 

•li ii** 11. 

Ink trom piiili .intliiaonir oil. tiir ml. 
aiiiliiii' lolmii .mil Iniiriiiiliii!! -i>.i|i. 

( 1 iwf/.) 

1881 

Wio 

Mcillr. 

Fill iiriHil iinntimr ink. I'-i* ot ii-In-Io- 
|ioWlliT 

1881 

3^5 

<iiiriii*y 

Taiii'in liliii'k Irmii niH)' tan lii|iinr-. 

j8Si 

31-57 

^{M Iw. 

ink loriinpiv-ioii'Mil patliTii-. *’liro- 
iiiiiim cmniHmiiil. ki*. 

1881 


riuik 

.\tiiiii'r:ipliii‘ tniii'lrr ink t'miiaiii- 
protmk iiii linniiiiti'-. ti‘rriH‘\!innli- 
iinil ulniii-. 

: 1SS2 ' 

1 ; 

72h 

Tli'Uo-itf. 

inili’hlili' pniitniu ink, l.in-is-il mi 
\nriii-li. I.iiiiii-liliii-k. iiii/l Irrrii- rlilo* 

, riili'. {JWi.) 

1882 ' 

30S6 

WirlL. 

■ Miiiifruin-i' |ii‘roM 'i‘ a- ])iiriiii'iit. 

; 1882 ; 

) 

324S 

(illlMIII. 

: ili'tnllii' ink-. .Motiillii immli r iiumnI 
• null naplitlia ninl -oliitiiiii of riililH-r 
' in 1 hi’Inhi lli^lllpllnll'. 

• 1882 

4106 


Imn Miiphiili' iiiror|ioniti’il with m-in.* 
fpiiii. or liM'il -iilpliur. 

Ink for 1 lll•^nl■-. I’*-' ol (lifiM'timi of 
alkaiirt root. 

I issj ; 

m 


1 1883 : 

1 

3 fi 38 

Lakr. 

‘ Ink 4 *r iinlin-rnliln-f ftuiMl-. (‘limit- 
('liiiiK’. naphtha, ri-il 111111, ana sul- 
' )>hiir. 

r8i\| ' 

22«'iS 

Unxi'lvA . 

. tiriniliiifr I’lilU. 

f««S 

1885 

92 »0 

‘,^13 

Macnini*. 

ril'iiii'Rt from ^nlra^ ^f•lml 

Narniph from pCimI ml lo-in, iKinitlin 


, na.\. lH'i>-iia.\, .x'lj* ropiil xnrniph. 1 

iWi 

1 foO 

1 

Kini-n'l. 

t 

' k'luiiMi lor liMii!,' Iniii'f r-. Mini'ral 

T |iil<‘li.''liiiix\ 1 ‘iiKiin', anil ni]«ii» 

^ l■-^^•nl 1’. 




i 



PRINTING IKKS 


— 

— 

- ... 

Date. 

Xo. 

Kiuiie 6| 

i88G 

• 

.aoi 

tiutlieil. • 

t 

• 




1076 

Schliiin- 

licrgi-r. 

18S7 

*7-925 

(iniih. 

1888 

332* 

l)enoiiii!er, 

1888 

I3.96S 

Neilaoii, 
Tliirrap mid 
llrowii. j 

18SS 

* 5-457 

•Ion*-'-. 

18S9 

6287 

Weight. 

iSSg 

18S9 

8971 

Mills. 

* 5 - 8.39 

Urowiie. 

1889 

aadp 

llnelHcr. 

1 *«90 

1 1,168 

Holt, 

.Ifso 

* 5 - 74,3 

llaiisoii. 

I81JO 

16,689 

J^nke. 

1890 

• 

* 6,757 

Just. Weiler, 
and Heido- 
prium. 

1891 

873 

llndHoii and 
Hills. 

1891 

/ 2 -I 04 

• 

Brandt. 

1891 

12,200 

llertling. 

•1891 

^* 7.035 

D^'-fus. 

1893 

12,280 

• • 

Chnnil jrlaiii. 

t 

• 




Hii)d*>i'(-miiller. 



liithojrrnpliif ink i>! intcnsi> niloiir. . 
Vi‘ii(‘ti:in huti]i, tii^, nniKhc. HJa'Uni', ’ 
Wiiiw* tiir,.«‘ntinLS liinip-bluck i>r j 
MMil nililMtl ttitff \viit«‘r for list*. j 
Afiilitioii oi roloiinnfr-uintttT | 

(tilixaiinn) nltorinj; colour oil mldition ' 
of idk.'ili. ( f//J/yfwrv/ urn! nut ijrnnit'd.') 

irik. Aniline itinck. in ' 
niiiiine, nirlHtlic iiciii, Ac. 

Ink lor irllnloid. Anilino dM^Ktiill in ] 
ciirlHtlic or nci'tic iiciilK. j 

Antiw‘iiti4 ink. I'm* ol iM‘rnuinf!nn.it(' 
or pmiiicnth nsiil in Minilarx wnlU | 
|c^M*r. 1 

hnthiiilc iirinliii^ ink. Colwlt miIL in { 
diliiti* iilcolioi. liikinc rullcrn to Ihi , 
covcrctl witkalwirlM‘ntnudt‘ritii,c.^., : 
lianiM‘1. ' 

Sanitary ink. I’art of iKi|n'r i iidcnil ! 

(niiih|Kin*iii mill *‘]m*di(‘alin(r oil." ; 
Sanitary ink. Addition of untiHcptic. | 
I'h* ol M*)ui-tlnid Iiitnnicn (,nialtliu) i 
with or without black ]iipiicnl . I 
Tm* ot line cAil liiirtt ni (afrinont. | 
Ink froni rohidiic from iliKtilliitioii of ! 
lictrolciiin with renin, f;uni, and pig- j 
incut j 

rniitalioinn(*tn]lk’]irintiiiginkn. Xitro- 
bcnxciic aniline imMiuct, pirric acid, | 
varninh, npirit. nuap. roniii, Ac. I 
NoiH'higging ink Viumline, fatty oil, 
and picnicnt. ' 

Ink for chdincK Ac. lilack from Migar, 
orcarlHin1)hii’k,canNlic |N>lnhh,o.xuiic I 
wid. Indian ink, x-niiadiniii coni- 
{Miiind, galK ginn aniliic, aniline I 
colour, and uater 

Antibcptii- ink. IVniiiingaimte or * 
eiH'nlyplua. Ac., with gliitiiioiih com ' 
Douinl. 

Zincographic ink. Aiitimoii.i hlack, 
Imiiic iilack. rcHiin*. ntroiig varninli, , 
llerlin Mm* and onlinary printing ! 
ditk. ^ J 

Lithoirrn]»liM* tmnKn*r ink. 0 
iU'innaten of coni tardyi-bluflntiMii lu 1 
pigiueuta. | 

ink for ed!rtrii|p> onje. Vnmish. pig- 
nieiit. and drviug oil. I 

• { 
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. . 

iiaie 

i No. 

Nniur 

Mili|irt-iiiiitlir. 

|}s (»3 

720J 

IShllK'Hll 

Mi'MUii- ink* .\liiiiiMiiiiiii iwilor xvilli 
)iiiiii-i‘tixf x.irni''; 

iSiij 

I 2 S(.J 

n lilix 

r«i‘ol loltini MTil fiMil.. ■ xxitii nlliiT 
U'luil iii;:iv<liiMit-. 

|S <)4 

02 {)S 

Itfiiiiititi* aiiil 

r.iliiiir |iiintiii!i ink riunioiil imili 1 
Ini'-! .il ml 'luMlixr aniliaiiiilrhmii'. 

1S114 


i ari|i:iii\ 

rrintiii': limn niM-il lx|ir mi tin Iml. 
\iii(iiii>n III' x.-i'i Inn- III ink 

lS 04 

jn 423 

rMiiiwII 

riliitini: M‘XiT.il iiilmii-' III mil' nil* 
||||•'ll.n. Ink' III 'Inp' mi nilliT- 
|iii>xi nil'll Irmii iiiimii}: In aililitimi 
III lii'liii dll. tiir|ii‘iitini'. t.ir ml 
.•ili.iilia Imkiin. 'iiliiliiiin l‘tll•■l. aiii- 
n. fiii.1 ami i|N<ai naiilia 

J}mi 5 

‘>53 

mill 
MX anil. 

Mi'lallii ink*. I)iiiii/i' jimxilu .Vi'.. 
XX nil X anil'll ami l.iril?ii' Ml. 

>'*95 

(10 VN 

1 hai k'T. 

ink* im xxiM.I laiix.i*. piiiht. ikr. 
''•iilii'i I’dXiri'il xxiih iiilmiri'ii (ttxi'r 
xx>lllil I. Ill In IMIliiXnl llX 'llllllMr 
lii'iiiniil', |< lii‘<im’ ink ) * 

iS<i5 

i7S<hS 

liiill.l 

l‘rtn(tn!; ink fm iinitntimi lx)i'- 
xxiiiinsr. Aniliii'' ilxi>-'iiill ii'fil. 


^376 ■ 

Tax lor iiiul 
Cnuko. 

rniitini! in 'i'XithI nil'iiii' in mii' iin* 
)iri'"iiin. Ink* t»ri'Mi>iiil trmu 
iniMni; l)\ ailililinn nt i'ii)uii)a Iml* 
*.ini. uUii'riii 'iiinlalxxiNiiiiiil. iH'trn* 

Il nil tiir|H>ntini. tiin ini'.' i.l nixrrii, 

• liliirnliirni and .iii.nimiia. 



'1 iirrain <• 

(iriniiinL' and iiumiiu null. Iiiilrnni' 
iiiii irnniiL' I'T n.talwiL' mlliTr nt 
illllrl’i lit *)••■' il* 

i-V- 

i «.274 


Ml IiiIIk' ink -^il.'ilili' fur 'ti'iinl 
iiiiH-him'' Mi'tallir ii'iudiT xxiih 
iruni aialiii liii'iid nil. lu'ini.il. ilrx- 
tnii. ri'il li'ad. Itthar;.'i‘iinit Inrjii'tilnii', 

lS«jO 

isijj 

Mil til l- 
haii'iii .mil 
( li:i'>'!i:;iii 

t'lilmin'il ink .Vlliiinii'ii |in'|Ninitiim'* 
xxuli ri^H-ilii'ii niliiiinil ]iii:nii'iil>. 

I.VIO 

i' y»)2 

W. III.. 

Mili-I) ink Im- (ii|>irt>jp nnd 'ti>i>l |i 1 nti‘ 
]iiiiltin!r. \iiilini' ii.lmir intl>»'>i' 
III llmir mill ina^iii'iiini ii\iiW xiilli 
'iMlinni rarlmiiali' anil *ii!i|i. • 


p 121 

lioiill. 

.Mi't.*illii ink {"ihml-nr' ). f.Variiirth 
iinilf>i|^.iii*in Kv xxitliliriinri';Nixv<Ii‘r. 
('•■1 III In'!' nr xxmril inixxiliT n*> Mill* 
'(niltiin fiiri'iiAif. 

* 


(if iiti'lf 

1S97 

fjl 2 l 

'liixinr ^ 

rniitin^In *<rxi'nil mln^r' Mini/ttniii'* 
Mii'lx* \ildiln 9 i III |Mixxili'ri'il niiui* 
L'iiiK- 1* Rad ali'iiliiil tih 'idi'tiuu'i'H 
• iiniiH'rati'ii «»l‘at. S370 nt iSyft. 
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Ni» I Niiiiic T Siilyt'i*! iiiiiMi>r. 


,^So7 

• 


• 

Mi\n| iiiciim'iiImiikI liiriiisli iiK.-iir|Ni- 
nilnl III UM‘ III ttiiHTliiiiti'd htiKiii j 
llr^tl‘:illl iiiiijiTiriwin*. niidiolalilc 
IiriHliu'ls l‘•llldl‘llH‘d. 1 

iJ*y7 ■ 

10 7*3 

Wrlih. 1 

l''ii{iitiii‘ snlcti ink. IliiM' 111 ; 

and tniicli* uith i>i\(rmi. nniliiit' J 
du‘-hliifl and niiliM>|iiirii(>i‘iit. 

' »S‘J7 I 

2 J.oStj 

ll:iill(M iiiul , 
Sfjihton 

Ink till i‘t(‘hi^ df'sii;iii> uii jiIiisn kr. 1 
(‘oiilniiis ('niiadii ImlNiyi, miii|i. > 

mid laui|i lilnck. 1 

1 iSf )7 , 

■i-l 5 ‘M 

Siii(»|i 

.Sniistittiti* lor IiiimimI nil. I'm* ol j 
dn ini. iiiiin‘ial uIIn r.ij.. ^risii* oil 

' iS*;? 

1 

2«j 72S 

1 

lliiiiiicr. 

• 

Snlistilni** lur lin.M-i-d ml. ('iilii|ilMin\ 
it^snilalik* Mil\i>n< wiinlli nr |iar- 
tiallv i<)i|Kinilii>d uilh caiistii* mkIm 
nr Hidinni Mlirati* ; or um> of liiin*- 
niMi). 

! i}iy7 

30 i(X4 

1 

tnk>i iiM'd ill ]iiiidm‘(imi o' (’olniir 
-|irintH. 


' i 

! 1 

Ifaidinjniilildi* or X-ni) ]iriHif ink. 
Mobdlii* or (‘alcamoiis iniu dor with 
IniiIimI oil anil alkali limiiiidi* 

1 iSikS 

ii.ijSi 

1 (iiitiiiic 1 

1 

iViniiiif!ualijj;iir(Mil luhrifs. Molallii* 
IKiwdoi (nn’ki'l) nilli iufi 111)1111111*11 
nr otIuT tliu'kmiinii a^mt. 

1 iSoS 

i 

20.356 

' PUl. 

I'st* ol ^‘lalinous i‘iiiii|ioiinii from 
kelji. 

w 

23.071 

i 1 

Tw* of iiatiind dniiifi miniTul oil 
(f>riMV oil) ill iiiriiisli. 

I ISJ-J 

1 

'7.5.S7 

I’ritifii'K ; 
Arts I'll Mild 
Orltill , 

Om’ of inks Ilf ditfcn'iil uouMKli'iicy in 
colour iirintiiif'. 

1900 I'i-MS 

WliUi'. j 
1 

I'olyrliruiiiiitic ]iriiiliuj7. Sisi’iiil hliifls 1 
of coiiipohitioii voiitniniiiir On* | 
coimirH. 1 

1 frjix) 

nMf ' 

Ojrillj. 1 

.Vliiiutiin* of ink ciri'diHi lij 1 ii*aliii»: 
and iini-liaiiical nphitioii. .No luill 

IIMll. 

1 1000 . 

i 

1 

17.126 ^ 

i 

IIuliT. 1 

Ink ior iiriutiiif; tninH[ian‘ni'ii*s on \ 
itiluluid. I’iginents and niixtnru of ; 
cthi*r, cauijiliur. [laruttin oil and mini- 
gaiicHa 

! 1900 

1 1 

'W* 3 , 

SlficiiMin. j 

Printing dwigns cliaiiging colour on 
9x[Nwun' Utu* $)I coniliiiialion ol 
ja'iiikiiicut and Diin-iiL'n|^Aii*iit 

• 

^ 1 

• 

colours. 

1900 

9 

S 3 - 23 ‘ 

• •! 

*J}ri(isii Oil 

1 Mills Co. 
•.ndWuHM. ‘ 

Il^> of rei^limin from puriticutioii of 
outtuU'flced oil. 

i 

tt 

• j 

» 

^ * 

'-A . . - 
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Pan-. 

x«. 

Xraie 

SiiliJcct-BULtcr. 

igoi 

1366 

Hox. 

IV (»f (Ivciiif; ])i)ni»Mits III > ,'li‘vrl»|»- 


inent nml iuxiiifr .)f pri’ tiiip; on tin* 
fnliric. 



1901 

S168 

Jinrn}. 

lTw‘ of ifiilo]>lK‘noItIiiorii]]{i|iuiiiitiM h» 




pipnientK. 

1901 

6061 

Wfm. 

Um> of nilutinii i>l rohiii in inin<r.i] 


0 

oil SH vitriiixli. 

1901 

' ^^5 

IVIIkniiiit. 

Antoprnpliu* ink. 

1901 1 17.826 

W(v)ihli-r. 

Tiitlinpnipliii' printing. Ink 'for inn* 




tiniioi{t. working.'. I‘if;iniiit, \iirinVh, 
fCivcfYin. alknii kiiM. tiirtiir. ami 




tiiriN‘iitiiii>. 

1901 

23-892 

* LiliHiMiL 

Fiviiif; Minii^h for piirnn-ntH for textile 

1 fuiirie»,i 

1 Vnalnetiun ol diirk ^ha(le on eolnnred 

1902 

837 J 

I Si'hiuu-di'l. 

I 

1 frronmi. I'm- of a Miliition .ifii reMn 
j Tuith or without pl}eei‘ln. 
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Achiity of inks . . 

. 12 ? 

Acorn galls . . . 
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Alder bark . . . 

• 

Aleppo galls . . 

. 

AlgarobiUa .• . . 

. f )6 

tannin . . , 

. 62 

Alizarine . . . 

175, j;7 

ip marking inks 

. 20s 

^ in printing inks 

176 

orange . . . 

. 174 

red 

. 176 

yellow . . 

" Alizarine ” inks 

. 174 



Alumina ior iirinting 

^•iiik.s 165 

Aluminium powder m 

inks 21.2 

Anacardic acid . . . ifi6 
Anacardium occidentale ujS 
orienlalo . . . . i(>3 
Andre’s^ apparatus . . 145 

Aniline black inks . . iii 
copying inks . . , i8<) 
dyo-slufts, iugitivo- ' , 


t 

in gall inks • (>7 

inlapowdcm , . . 
marking inks . . ,203 
printiflg inkS| • . . 172 
limiting iAks . . 13, y 5 

•Antwerp blue . .^115 


Aphidcsft>f*galls . ^ . 45 
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“ Art shades ” in print- 
ing inks i; 

AsjicTgillus niycr ... ( 
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glass ink 20'; 

Beau Chesne ’shook. . 12 

Bichromate logwood 

inks 10; 

marking inks . . 202 

Bistn* 130 

Black for printing inks , 1 50 
„ „ „ mixing i(H] 

printing inks . . 151 

writing mks . . 87, 

W, 109, HI 
.Blcacliing writing . . 127 
Block books .... 134 
Blue aniline inks . .11;, 220 

galls jS 

lapcr* . . . . , . 2I3 
pigments, . *115,176 
^ printing inks . . 176 
syfhpathetic inks . 21^ 
writing inks • . . 114 
Blue-black inks . I3,*94i97 



2U INDEX 


Bliio-f’jcin inks . 

07 

Jink'd oils . . . 
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])roi'i'i.M‘s . . 
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• HI 

Dutch . 

ia 5 
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• 131 
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1 ts 

Italian . . 

. I ts 
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I H, 114 

I'rotoir . method pimt- 

m;' ink 

1 IS 

Hritish {-alls 


Hmwn madder 

17(1 

pil’inenls tor |iiinl- 

111^ ink 

'77 

Hurnt (111 . . 

14.'. 1 1; 

Sienna 

1 15. 17s 

('mimii’m oian;'(’ 

. 17; 

\ ellow . 

. 115 

('ani’fllinj; ink 

j-d 

Carbon bl u ks 

. IH 

examination ot K7 

inks . ; 

, 44 . .■’»>7 

transition to 

0 

Cardol . 

n/» 

Carmine . 

115, 17^1 

Cadn w nut 

lOs 

Cateihii. . 

^ * 

t.iiimn . 

51 

Cheijiie inks 

i.M 

Chestnut balk 

s- 

( .\lra( t 

. s- 

ink liom 

54. no 

slulls . 

• 54 

tannins 

' 1 , 54 

Chinese jjalls . 

. 40 

V ajihisol' 


Chines? ink 

S. -d 

( om posit ion -d ^ 3^ 

iiumiiladni^'of JS, 
3 '» 

ipiaiitics of 

• 3 » 


Chircsc ink, trsts of . » 
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til at 1011 iM , 

i;,s 

tlie(>r\ ot 

170 

u»r\is 

iSo 

s( reeiis 


Colonied lif-ht 

'.S| 

] II ;• mints . 

|.S| 

inintinn inks 

i(i|, \ f>; 

SI 1 (“ens 

170 

wiitiii}; inks . 

. m: 

(oloms, lii|4iti\e 

• *73 

p. rmain m \ ol 


Consiil.ir (liplvi hs . 

1 

( op}>ei loi^wood in', 

11)1 

in.iikiiie inks 

. 

Copun*; .ijiparaliis 

Mil 

ink pein its 

l(|i) 

inks 

. 1 Sb 

p-ij) rs . 

11)0 

Cmiaiia ni\ itiloh,! 

5 b 

tliMiiiloiia 


f orrosu eness ot iiikN 

Ob, \2Ti 

(iimsonlake . 

iH, i ;3 

.CuthlMTl, (lospels ol SI. . 8 

t I'tlle fish 

»5 

fossil , 


{ ink irnni . . . 

IS 

,iiik.safsol 

. I? 

spi'eies of . ^ 

iS 

(|,nipi^:e . . 

47 
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1 )VM'\JAV\C . . 
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rtall inks 
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vvfisus . 3r,,4f 

Dicterich 's sriiotil ink * 

loS 

(kil'cacitl 

beS 
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'»7 
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m 

DlVllilVI , .a. 

v 

re.K^ions ol . 

(H) 

• ink ironi 

5 '< 

(>idl()tannic*a(id . . . 

uu 

, 1 innin ol . . 
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cr>ini>tfSition of 

f ,7 

nonwstic ink m.ikiiif; 

li 

detennination 


DmuIiIc toil'* inks . 

17S 

, ot . 

So 

Dik'd inks . . 

.*_»! 

lennentatiiin of 

4 b 

Driers .* 

M- 

• 

^’7 

Duiji 1)1,11 k 


jiropcrties ol . 

()8 

Dr\ 111!; oils 

ID 

re.ictions ol 

0>l 

Durlkini book 

,s 

ills 

.i‘' 

Dll tell li'ioks , 

1 .s 

.leorn . 

4 .*; 

piinliyi; itik . 

».<; 

\lep|M) . 

Ikissor.ih 

3 

4 « 

T'V.vi'ins p.ii)>ri . . 

1 

blue 


K]c('ti«L pi(Kcs> oi inak 


(‘liinese 

4 ‘> 

A'iirnish . . . 

ipi 

I'rencli 

4 « 

Kli/.alk'th in inks . . 

1 1 

green . . 


I'!llai;ii' ill id . 

? 1 . os 

J«|).inese . , . 

43 

I<'ll;i};il Millie , 1 ( 1 ( 1 . 5<S, 

IMI, Oj 

Knopp'Tn . . . 

4 b 

I'lnici aU Ki ecu 1 1 

! 

Levant .... 


Mii!;11sIi 1) loks . . 

• I 

maniit let lire ol ink 


4i#<in(' inks . ii; 

from . . 

«7 

I'A.iiniiiiilion ol h.ind 


Mecca . . . . 

4 « 

• writins; . 

iji • 

oak-.ipple . . . 

4 b 

inks . . . 

no i 

origin ot 

3 b 

marking inks 

’()> 

]mi]Hirti(ms lor ink 
hedinonle..e . . 

«7 

4 .S 

1'Tkti I printiiif; ink 
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pistachio .... 

4 « 

l''iri'pi(Kil lnk^ . , 


red 

4S 
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tamarix .... 

4S 

l'liM-st (jd f;,ills . . 

• 

tannin in . . 

«) 

Fluulitv ol inks . 

.• 120 

Turkey .... 


il'orgi'd Ifiiidwiiling . 
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while . 


detection ()*, I 


(lainboge * . . .1^4, 

n? 

■Frankfort fllack .•«! 

I5K 

(bus-blacks . . . . • . 

153 

French galls *. . . 


^nnoKisition of . . 

157 

I'ugitiw colon IS . 

** 


niamifacture of . . 

L 54 


(lernian black . . • . . 

>8 

^phideif . . 4(', 

44. 15 

i books ’ 

n 5 
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Geld inks . i . 


marking ink" 

201 

Graphite ink ^ . . . 

22f» 

(.irecn galLs . 

3 K 

IJigments . 

•>5 

pnjifing inks * . 
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wnting inks, lu, 114,117 

Green-black ink . . . 

97 

Gnessmaj ei ’s reaction 
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Grinding machines 

If)2 

tinsel oil , 

15' 

ll^lIATRIX . . 

lOI 

inks . ... 

iO.S 

Ha*mato.Kylm . . 7^, 

100 

ink powders 

220 

Halt-tone dot 

IS2 

process block ^ . 

Kk; 

Hand wilting, ditteren- 


tiation ol 

127 

examination ol 

»-’l 

forged .... 

129 

uiethiMls oi bleach- 


ing . . 

127 

Hemlock tannin . . 

52 

ficrberger's salety mk . 

2(«; 

Here 111, ineiim tragnients 

1 

Hop-.stalk juice . . . 

ii>8 

Hydrocarbon bkvks . 


Hydrogen iieiovide as 


leageiil for tannin 

7 ^, 

Hydrofluoric inks . . 


Ini)i.\n ink , . . . 5 


coni|Ki^ition of 

33 

'' examination of 

3 -: ' 

manufacture ijf 

28, 

1 

.V> 

1 practical te.sts 


ol . . . . 



ink, qualities 

of 

31 

marking nut . 


193 

rtiil ... 

ns 

17b 

. yellow . . , 


['5 

Indigo . . 

nSi 

2 ^^ 

dc-tection ol . 



in “ .Alizarine "inks 

Of 

in coloured inks 

, 

"1 

in ]>rinting inks . 


J 77 

IHTiiianencv ol 

04 . 

173 

Iiidigotiii marking inks . 

20 \ 

Indiiliii inks 


III 

Ink deposits 



plant . 


192 

. powders 


219 

tablets. *. . . 


219 

Ink-lornuiig siibstanc 

es 

72 

Inks, iilion on pens . 


123 

" .Hi/ariiie ■’ . 

. i; 

t,<M 

aniline. . i,^, 
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115 

carbon . . . . 

. 
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colouri'd printing 

,lb 4 

,lb 7 


wntiiiK . . 11. « 


( oin])osition of 

121 

lopying . . 
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lor spei ii^ purposes 
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219 

i^ul an on . 

74 

lifgwood 


in.iikiiig . . 

192 

jirmtiiig . . . 
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M9 
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lsf>ha*niatein . . 
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[bdunlxKilts . . . 
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J25 in gal! inks . . 
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WTorking Equipment of IhM'kh. -IsttEX. 

“ We luive ucvpi mhii a nioic |inifnsi-l>-UIu<>tniti‘il tivaliae. It h a ninat imporUat 
nandaH work, ami Khiaild Ih* m tlif ImiKlti of 'U durk ami harlmnr cnmiHV.n.*'— iSCram Afp. 

" Will Ik: i>f the wi vkh to 'w‘ ,w a lMM)k of U'fpn‘iicc."--/f»ifli»uvr 


In Large N vn. With 1 S 1 ‘lates uitd ±i0 1 llustrationa in the: Te\t. 10a. net. 
A COMPANION VOLUME TO “DOCK ENGINkERING.” 

* THE FBINCIFLES AND PBACTICE OF 

ITarbour engineering. 

By BKYSSON OUNNINGHAM. 

“ liitrodiicUirv Darlwur Dcaign — Surveying, Manne and 
.A— Piling.- Stone, Natural and Artiticial -Breakwater Dewign.— 
itreakwater Donfltruction -- I'leihcadH, Quoth, and Landing Stag^ — 
fLAnco Cliaiiiiela — Cli.vim'l Demarcattoii -inokz. 

"Tlir liPKt aull lUiNt rumiilete hixik wi* Im\o wii im the inhjeet. —Slmn>'hip. 
*‘TiiiH IS a itnnnHnl woik . . . oure to lainr H\alu»l»lL‘ iHNih uf reference."— 
Aippiiiff Worbl. 

In harga Crown 8vo. Handaunie Cloth. 48. 6d. net. 

THE THERfflO-DYNAMIC PRINCIPLES OF 
ENGINE DESIGN. 

iT MONEL il HOBBS, 

Hncinoer-Lieutenanf. U N ; liiMtninit>riii Applied klrobanleH and Marine iSogina 
Unisn at the Unyal AevkI Cvlleju:, (Ireonwieb. 

"8enrr»iti> pniiiose wliiiiwWy . . . sliould pwie of iiiialuable wniee . . . well 
nptirdate -^Atp/Ksi/ H'ertrf. 1 

Ii^rge Hvo. Cloth. Fully llluatrated. lOa. 6d. net. . 

THE. -PRQBLteM OP'FLKJ-HT. 

Bt HE1 *BERt CHATLEY, ]l.Hfl.(Est:.l, London, 

Proreaiwr of (hul Hii;-iiieerinj:. IfiuK Shan Kngiujierlng CoUeije, N. Clnna. 
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0SAHIM8 OSiFfJN A CO.*^ PUBLWATIONB. 


Sbconp EniTioN, Revised. Cloth. With 252 Illustrations. ^ 

1KB THEOay OF THE !STEAM TURBINE. 

A Treatise on the Prineiplos of Construction of the Steam Turbine, 
wit^ Histoneal Notes on its i>eveIopment. 
li\ ALEXANDER JUDE. * 

CoNii VTs -FuiKlamenUl • llistoiiul Nuk. mi Tiiitttiics TIil- Vcloiitv of Stijiii.^ 
Tjpes of Strain TurtKinr.. -Pi.irlii il TiPiiinr --I lie Kfli' irncy nf TiiTtiine^, 1 jm* I — 
TiJuecton'oKIicSip.un ~hiii.ivmY"fTi.ildi|,<, T' pus li., Ill dinUV.- 'I lirlmiL ^ anrs.— 
Disc and Vanr I'liitiCiU im J'lirlHiio — Siiemii Flui o' snpLiln iirj Su<ini — Mrencth 
of kotatiUff Disc.— (i»M I II in? l)tr.ini rurl'ih''s— Sic.im I >nsiiiiij.iimi of ’Jiiil'iuts.— The 
Whirliiir of Shafis — Sp^ed of ‘I iiih.iM.s — i vi>i \ 

“Onrol latt St tr\l liO'il.s . i' ■ om m tin k'l . . liictLi ilmluUily 

n'<]vu1(Iuu ' -S’/i IVil'iam ll'Aiii mt’u hi >• I'li iiu;; sii| plouoii 

In Largo Grown Svti. Handsnme Clotli. With IIU Illustrations, 6B.net. 

LECTURES ON THE MARINE STEAM TURBINE. 

liv .1. IIARV/^JD IlILK.s, M.Inm.NA,, 

Pr'>fr'li)orflt^•nnl tin' I imm il,i nf fiJ.isi'iiw. 

“TLm Is Ui* Ik.i pfiin-ii n rV <iii in. uiuiiir .in iiiib.ii' n.'uili 1i,i. vil .ipiirb d"— 
Stftnukip 

Works by BBYAK DONKIN, M.Inst.C.E.. H.InstUeeb.E.,fte. 

Fodrih Edition, Uevibni rnd hnlprgc'd, Wiih additional Ilfastrations. 

Large b\o, liandsnmu ClotL 25.. iiti, . 

A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

llY IlKVAN DONKIN, M I.ssi.f’.E., M.lNsj.Mrci \ 

''Tn'liC't iwiJ: !.'>» }'ii’.'i'ki' Ill,, .01 1 \,i I iijn„i I 


In Quarto, Handsome CInlh, With Numciou- Ititcs. 25a 



(LAND, MARINE, AND LOCOMOTIVE). 


liM’.VN DOXKI.N, .M.I\.r.C.K. 

Gtslral ('.inti m — C ifi' .11 1'di i.t I»ifriM>nu 'I yiK of 1! iiirr, -4..'. }'\iieriinuatsA> 
Kncliih and FiiKU’n liojlrrs uiih their if>.ii hfiiri. m u-s .lioiiii u, I'lltv 'I jlilrs — Fiiv 
(iidtcs of TxiH'. M"iiiiiii il Miihii. ( ii’iil.ti'.iii.ii ijf Fii'‘l III lioilris, Tniu* 

nusxion of Hi -it thniii;'h 11 nr, IMit-, .md liimi ii'iii|M i„liir>. - iri'd \V,ii-i Heaters 
-^uperheaUis Feid I’liiniK, --SuioLr Aod 'i^Prrmiiio'i - InsUnniint, usm ir TcNtinc 
lliiilers,— M*nnc niul LirtOiiMiir Bh'm. • K'h IT i.tiiis .Si iIhiii. -1>is'iis.iii|| iiftlie IViui 
and (joiKlti<i<>ns~(lii the ni .1 IS'>iiri, mul 'J psim;; of l.n.ii, iM,uiii(i and 1,ocoiiiotive 
Dbilcrs ■ Appi ndiros, J’lbliiiicrtiiii).- ki.i , 

“Frohalilv ibc Hon rxiuiMixA irwn..' Ihut hM rvnr Ih-mi n>llei-u<d 'K monOBA 
UiiOE by A thorouRhlv piw iimt unui "—hun tnJ v nrTnukt lUrint 

In Large Crown Svo. Cloth. Fully Illuftrattnl. .iS. net. 

SUCTION GAS P,I,ANT.S. 

TJt Pihi». C. a. .smith, of Iho K’wt f/mdon Tuuiinioal Coll^. 

Cr)itThxiy,>-IiilriNjii(tliiii, fKil'ilkof t'liiixtiiii'Uiiii l^iol 1 
W.111I . U orbiijt I hi' J’lmil . '-Tyjiii hI 1’ 

I' -Jltflni’iil, ('iBt 111 flu*. J'iyhIiii .imi 
iliiL’ III Ciial (■ns.-Of Niilil Knoll tini 
-IH'torliiiii frfi'd 111 Kvlin 't -X'ai^il C'l 
«(■ can (rir.Mn]]} lonininioinl usnffordi.iiracijiipk'tc loiowlodaco 

L 'if Hiirtiim I’Iniils ’ -tti* H’f«rW 


Mid t’lri-N of RiicU'iii 
Furpnsflx. ToL,! 111 
(fnil)h.\ 'h^’jii irliii Vj 
Till liitliol'nidnror- 
''Thii tuiok Is rmo 
the thcdhitleul esiHioi 


uid Tcitliia.-ApiilIcutMl 
Iniiih -iPIr its for Bpedal 
The iian Fudite.-nuio- 
Aiinlyhla- Dcitni Mon of 

Hit - JjIliRX. 
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Eduton, FooltcUSizo, l^eather, 12 b. 6d. 

BOILERS, MARINE A*ND LAND': 

• 1HEIR CONSTRUCTION AND STRENGTH. 

A UaHDBOOK ojr 1 iriji KoBHULA, 'J'A&Lkb, &U KuJtIVJC to 

• SOABTUNHB, AND htliS«>rHKS SAnTT ValVkS, HI'KIVOS, 

^ KimN«.s AN’» MorxTiNos, Ae. , 

FORTUE USE OF KN(nNEf!:K.‘'^^CltVEV01l.S, BOILEfJ-MAKER.'', 
ANJ) S'l'KAM USERS. 

By T. W. TKAIL]^ M. In 8 t. 0 .K.. F.E.RJffif 

• LnIp Knifinrt'i •,unr»>fir-in Olm f to tli» Uianl nf ThmIr ** - 
•MAinUinBRO K’NiRviirsQi’A'Tm or iaroKV 4 TroTjnTa«iift*iliiiA»«Typnnvpnfjitfonn. . . 

A %0iT itPtrPL uiirsr to>H> noKlitK plsi> ‘—Tir Kiwmetr. 


Smil KiiiTfos, Lttifv I rowu 8 vo. With namprona 

lllubiration* ^ Gh. iict. 

^ENQINE-ROOM PRACTICE! 

A Hond^k tor Eneiuecrs and Officers In the Royal Navy and Mercantile 
Marino, includinf,' the Man.'iKreinpnt ot tho Main and AuxEllar}' 
Enainos on Boiird Ship. 

iW JOHN 0 . JilVEliSliKJE, R.N., A.M.l.C.K 

-(iPtM'rhl vt MRiiri>> Marhuipry -'I'Lp CituilirmiiH ol Spnioeaitll 

Put'oinf Kognif >‘i ' (if (hi< Jiojti' R.i\}— bntr} on) t'oudniouh ot StoTuvot buftineen of 
■hf .CftiiiiiB sM H,— liiuktii.' Mo nil- DniiPk r i SU'iirnmi; Wnti-n ou tteginos 

iiw Roni"^ ■-'hbiiniui! off ShM<o — n.ni«i»ip miwI Wairbiw — \iIiu*tnientB uid 

tliipiliH of hujrinoR— h«''«pri»u m ’iM Uffii'iR of “ I'anli ’ liuilci" ILe IIpII irid Hr 
ifittinitR,— Clfiuiinp .<ud I'iou.uk MaoIhm i\.~.iUviiir(i«itiui: Puiu{)r. F(mi 1 nonteia aad 
BiitOBUdp foed-WAttr Uopukto. ' —Kwiwloi* — hti-iim ik-nti - Ewiric Ufht 
Vtu-dBpir^ miranii- .d"i’luiioi\ •> \!r.Cuiii|<n»Mr>e i'anipx-RofngitHnuf; Muhlor* 
or 11 >>rII'|)pi« '!’iio M,\]i .L' mi ’ i 1 .it Water I'bhe J’Niilei 4 »Ucvij|iiti(niR for 
ii'iffT i>l AhuMtsHt Kmi'iiep'T- R > - Qiiettimie riven lu V.ianiiiwtii ns for IVomoDon of 
D I, ften It N — Ruaid of TiAite hvamiiiStionii lor Kpcineer*. ec 
* Tbmvr*v»‘ mi. wk'k IiiioTBATiov 'ire of okmi ihmibiasov loa vork 

if lUl kind, ««’ Ji tj j«nd '!i»t ‘Puivi aii'ntu>n li.i*i ’><>i'ii ;iTeu luthu 

v*r«et "-AwuNrt I 


Fifth Ki)iTHt\, I'ri^isniffhly KevisoJ diul CirMly ICnlar^cd. 

)Vjtlj Nmii'inuH lUiihiiMtioiiH. I’lk'p 10s Gd. 

/ALVES AND VALVE- GEARING s 

A f^ctical fexi-booh fot the use of Enginceis . Diauqhtsmcn , and Students . 

BV CIIAIil.KS lirilST, PUMTHMI. DlIAn.-HTeM.W. 

PAfr T - Enfime taltr--. I ^’akt III -Air t’inniirc<'«(ii falv« and 

?Ai r n . (idb Eiignii' and- Ceaiiinc 

f i (Sears I JWkt IV.— l*iiiiii» t bJvi“», 

InnirV vaitm u«l TALraaniiiHO vill laove a verjr vunAliie aid. and tend to tbs 
imduotKmorJSiiBinMiofHciaBTirn'SftiflbaiKl HsiMxirti.vokiiaR . . . Winbolupaty 

MNiirlit aAor by VuidmUi and lb smuen -.VariNf FntnHttr . 

"ABapiiKrieal treitisn < n the ba)i|tH'Mhe lnKifc fiiiiiKlB vrltbnui n rival JJ 
Worltt, ” 


Nbitf on M*«Ain Engine 0 e 6 gn nmi Conotniotlon, IV.t^iuxuu 

• Hpnfl; “Author and Valve Gearing.” Seuonv* K ninoii, 

Revised, lir Paper Boards, | 8 vo., Clqlh Back. Illustrated. Price 
la. 6d. net. * • • 


wn-A Wenm Pipos- II ^’ahetwiii. (Mipdom.— tV. Air T^itips and Con- 
^u-V. Motion Work.-\%iCraui: Shifts awl rwlehUl«-Vll VaRa Geu-VIIL 

Labria tiownll JUBreIlai)e'Kisj>MilR -<lin>ix. 

hawty Toluuie wbiob cj/y praoigjl youuK engineer nb inli^iiOMas JfoAt 


UDIIMII: GURUt'eillFFIK i CO. lIMITa EXETER RJREn. STRtlG, _ 



0HA»LM8 ORirnS A QO,'B' PUBldOATlOSS, 
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Third EDmoH, ReViied. With nnnerooi PUtea ndaoad frc4 
' Worklog DnwiLgs ud Illiutntbiiui iit th« Text. 21 b. 

A MANUaI of 

LOCOMOTIVE ENGINEERINO ; 

A Praetieal Text-Book for the Use of Engine Builders, 
Designers and Draughtsmen, Ballway 
, Englheers, and Students. 

By V^lLLIAM FRANK PETTIGREW, M.Lwt.C.E. 

— Uihioricul Intioiluilion. ];&( isi>< ..MtNipru Kinnio — 

MoJarn Loeoiiuitire-i. i‘ou)|>oiiriI I'ririi.TT CunKiilt'iatl'in iti linroiiiative D««vn — 

S riiDdarH, StPkm libtHiH uni Mufflutr — l'•Hlnll^ I'c-tou Uod* i.iohriimiU uid 

idoBuis— (]oori«ct:uirhitt1 Cnufilun; — Vflifplo aihI AiloUoftMi. Ilornhlnolu. 

uni BoaniiK NprinK'i— ^'itic Valu‘>- ni.d \alvp lioar iJeialla — 
rntuiufi, Bucih uni At'R 'imka. iU>iiv .\\!p ,t.>v ■ h.-iicin -Sniol flius, Blut PitM 
Firi'box Kittinp ->B<i loi n — ‘J •‘Uitn ^ linilHty lit (Uc.''-l.ilirK'ati(ni -•(' iti* 

nnt(^on tif MitjiuiHlKir an-t hii'iiv ii“.>irii'v ‘llp))Ui‘i, Ituii inic. Iohiipi'ioii. 
ud wiiaNalR.— Turpo A]>p«udir(M — IndeL 
“Tnp tt .1 ilnllitPMii t.ritli' 1 >*"ti > ■»'■ n iliMi" i/im m, 

“Tha work comi/'nh Air, mAi (as m iiak'.j Irnm • Innili u|ioii Mirh nRjbJe.‘t It 
will at oncp rank a<i rna ^iTaxpaw* ainui i n x iiiit r;‘ pkiam m iui it ' - /latfrrt, Jfosrx'inr. 


In lAir.'f Svo. Fully IllualiMte<l. S». liil. net. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING 

«v J. K (JAIRNS. W," 

-IuM’nIiik •)} - l'tim]kii)iiiliii(; {iiit| Niivilii-nlitiK (»« liMimioUtCA— A 
Clawdlii-dtiHii 'if I'litiiriPiiiiil .s\st« iii> till I ■ I hf iii.iiii\ hihI Ih'ii'iiipmeut of 
the Cini'iHjiiiiil I.KMiijiitiie Tan-i \liiiilii Nun tniitiiMtir -Tao-CjllDder 

Autounlic .\v ti'iiis 'HImt Tnii-' .ilunln -lb*i‘t'riliii.lii ><}itrtini.~yiilir 

t'yliiiili'i J’himUwi Msn ni' F<iui fjiiinli'r 1 vnH'riiii' '?v‘ri ms |l•llll•J tlmii TandemX— 
rinir-i^yliinli‘r lymni’i: 't'liii* InurOhirli-i liiMdfil ninl IniUiiitiI Hystenik— 
Artieufiiiei] romii iiiuil Fiii.Pii-> 1ii|>lr LsimiiHmi 1 nionnitMih ('uniiMiiiDij Rack 
Loouniotim-fon'lniiiiiii Kciiiiuk' ( hik fin ini' rnrniiDunil ImuiiKitiVi*- -Tli« I'se of 
Sapcrhiateiistfaiii (>!'’ I/Mwiiiiinfs , •*' 

•'A velconin Rilditinn 1 1 tnr lilmuy nt tin* ikiIwhy en)riB''fli ' — fa 7 i»nr.i «7 fitnn 


In Larffe Svo. }V\nd¥mf Vloth. ^ilh Piatrh and lUwaratunJ^, 1$%, 

LIGHT RAILWAYS 

Air HONE ANb^BROAD. 

<» WILLIAM HKSRV OOLl-;rM.|«si.tj;i'., 

Lital)«put]^Mn# iQT. Nnnb.^wtom lU^'way, Indta. 

" 'Ae wnule miliipei, u axUAi'DrirtLY uid en WTftAi.Lt poasldeml Tba work ou 
cordially mximtinn'ied as tsonnx>.AniJ( m ibiiw wnniwj/iuty ii h to hoooma aeqBaiut«l 
win. ondof Uir prime nwefiJlinR <if ibu unuimliHiK luium 'L-Aii/ntv (Iflngfvatftti 
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, And H. a. GOLDING, A.M.]^ech.K 


''EkMt]\ «ImI H kliiiuM h- iii milii i( OM-ftil tn htmlouts aiiil tiinrtitloncn of 

enimrcniiE. iJunutwH 

la Crown jtvo. llandsontu ('lnt]i. Witli 105 JlluHtrutiip”# lif'net. 

MECHANICAL ENGINEERING 

FOR 8 RGIRNERS. 

By R. S. M'LAllKN. 


CdVtKXT- - - liill- a'Hl Minis, N-t Sf>ii>ws 1if«Ii'n.~SU'aia KBiMiig 

Ac<‘(«4itiok.- Stcuiii ViiMii aiiil NalTv- IliFMeam Ciicnie -lVvi‘r TrniiuiiiBMou.- 
C( wletMiii; ri.iut |[l'lu Mcuni I'liiluiiP Kii-Hiirilr-]i)ilniulK‘ Manhuierj. ‘OManil 
On Mff’imtii <if Ik'Aiiu. ai,.. t M-ful Iiifniiunliiui - Imivy. 

'‘The lN>5t III It- kiiiil Mt him Mfii, mill bhimhl Ik* in tlir luinl; nl mT) niiprenlire ' 
—Iktomhitt. 


SlX'iU ICiiiTiON. Folio, httoiigl} half-lionnd, 8is. 

traversn: TABI^ES: 

Computed to Four Pliires of DecimaU for every Minute of Angle 
up to too ot DWtanre. 

For the Use of Surveyors aSd Engineers. 

Bv RICIIARI) LLOYD GURUEN, 

AuU^ ' Surveyor for the (lovemmenu oi New South Wales ana Victoria. 
^Hsktd with the CtHommue 9 J tkt Surv^t-Gaural /or Nm SmUk 
Walts vtd Vutaria. 

“Thou who hav^upaienor n eiact Sumrav-war. will best know how to appreciate 
the ODonmas amount of labour reimeseiited by Uiu valuable book. Eveiy Surreyor in 
active practice has felt the w^nil of sod assistance nw knowikg or thiib (lln* 1 jbles) 

ri'BLICATION nUA KIlMAIH w'l^l^}iT THH,"— /'ar/nwr. 


Strongly Bound in Sui>er Royal 8vo. Cloth Boards. 7 b, Od. net 

BONUS TABUES: 

For ;£alealatinff Wagfes on the Bonus or Premium Systems. 

For Enffinecring, Teclfpical and Allied Trades. 

Jfr HENRY A. GOLDING, A.M.I.Mkcu.K., 

''0Bniiot.fBil til pnm* iimctlMlI} vciTlceahle In thnae fur wlnmi Hut have beoD 

*HORSK>POW|BR COMRUT^RA 

• • Bp'll. A. COJilUXG, A.M.1.AJ?. 

For steam, Q&S, and Oil togines.. Complete wisli RYplanatoiy 

• Pamphlet. In I.a. .^■*"tl'l. ’ a 

For Petwl •Motors. Crtuplotc with Kxplamvtorj' I’^phlct. In| 

IDNnctl: CHAfittS SlFHN i GO., LIMITED, "feETER SrEET, siflAIIB. 




33 OHAJtIftS 'mFfIN * 00 .% PUBLWATIONS.' 

SiroNB Edrio^. Lu-ge<Svo, HAndtrjme CloA. With 
157 niuBtnUoiu, 07 TbUeitt ho. 21 i. net. ^ 

Lubrication & 'Lubricants: 

A Treatise on the Theory and Practice ot Lubrication, and on the 
, . Naturor Properties, and Tostinft of Lubrictipth. 

BT » '' AXIi 

LEONA HD MimiirTT Y l.r., F.l’.S.. 11. M. 1>J KI.LV. M.l.Mwh.E , F.‘« S. 

C'beiiiHt iDiii. ^ltll Hr To (liiti LtM.i |l|i|«'i , Mi<l K}. Til 

CoSTBm— I. Fricti-m nf S>i]]ilk-ll SaiihiI riii'timi nr Viknulty, liiil PIhUo 
F riction.— IIL hupcrllcuit Tciukhi. -TV 'nic Jlimry uf LiiliricHtiDn - V. lutiricuU, 
their ikiareei, PrvpimtKni, tui>' rmiN’rlici -VI rii)ki*-al Cinjii-iiirt eiul MfUindi oi 
Extmliii..:oti Ilf LnliiKHitrs - VII. (Ticnmtl PiniH-tiifi nnil Mt'lhuil', uf ExuminatioB 
of Labncant) - ‘i III 1 In* Sjhli'iiiAtii. 1, ktri'! <if I.i|litu'AiiiH iiy l*h>’hi<‘al anJ lluimlcal 
UelhtwN — Ihc Ittfli.iiiii-.il listiti(;iif l.uinu-aiit'^ - .V. Tin- Iftsii'ii uuil Liibrintion 
of lteariiii!<< XI IhcLuiMii'niuiniif Mjchuici) -iNi'VA 
“.i imM •oiii]iitlii'n-i\, tt>'itiM‘i)ii.iMi'>|i’il ul IIi ’.ll. 1 tt.^t iiii]Nirtai>(L> 

toeuKiuiti' — I 

FoniTH filJiTiON. Ttiry^dttf llhitfrattil. Cloth, U.U. 

STEAM - BOlLE-RSi / 

THBIB DEFECTS, MA^AdBhnCNT. AND CONSTRUCTION. 

lu- K, l> ^lONKO. 

Ckitf /fw/i/m I ( the /i’w7«'f in •iw/i'i vhtl Aw/r/n' itu/iin Urn Ctr 

" A valuable c>u >|dm in f> > a'ul « .mu < > iny: i •> >1 ibiiut ''‘Irani 1! Jilctv, nught 

M iir carefully 'ludu <1, .Mid i im'.i-'- ta/.. fi 

RH THF SAMK ALTHOR. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occui. and Hdw lo I ie\rwt ihi ir Owurrencc. A haLlica''‘’^iiillK)ok 

lias^ on Acin.ll Eiiwrirci.l. \\i'!i Diii'ii.mi :i"‘i Colt‘'.!ii“<] Pbitt. 

I 

ill Cnnv/i 8t',, Ctoth, /‘N'ty HUtUrnUd, M. 

EMERY GRINDING MACHINERY.- 

k Text-Book of Workshop Pr.iclice In Goner;" Tool Grindinc. nnd the 
Desiki-i, Construoiion, .and .AppliCiUion of jw Mndiines Tm^oyod. 

Jlv R. IJ. IKlIKJ.sON. .UMxst.Mfcm.K 

"EraiiKml) ifM'ti 'll . '.i.iiiiitf .!■ twalli.i t ihi imrid «i ll'r iim-i . nf this rlvseV' 
machiniry, ai ii 1 1 iiiii • Mitli « .Hful msil " Ci /* 7 »ai<i {iWhul 

FipTJI Bdition. Id Two j’arVi, rulilinhed Sfiparatolj. 


A TEXT-aOOK OF 



Uf SIDNEY H. WELLS, Wii.fcjf.., A.M.I,(\E., A.M. lMech.I 1 : 

'OL. I.^,?ItAOTlCAL (vKOMFTTKT. I*L^NK, AND SoLIlb* 6 (L > ^ 
'v'OL II.*— MaCHINK ami EnGINR l)RAWINd r.KTl .DlCSlOlf.'' 48, 6(L 
marty Illw>tralh/ni, ^'fyctUly fur '>M ITorii, owl auMinNL* 

Samfitf*, for the Uiy q* Hiwlmtit in Tevkntral Hduioh tn'HffoUega, 

" kjurttAi ^jnr aonK, MmnrMl nu kh rc(ir.uMiT «n>rM, ealrulaM to irlAaa IsMIliiel 
craipof (neiuhim, ami out (in nmrv fartiilr if Dii>ciiulniLiiii|;^u( , >. . Hr.fFenH'Howi 
hoi^ Bake conpliti wiiuiMeoia wiiins iImtiw^ fully i^b atop In the <M|n.^*IMiHM 

LONDOlt: CHtlLES pniN t CO, LIMITED, EXETEK STREET; STIUllD. 




BmiNxrmm and MNOHiNiqa. 


n 


b Thku Parts. Crow 8 vo, ilandioinc Cloth^ Veiy FuUy^llastniUKi. 

mrOR-CAR MECHANISM AND MANAGEMENT. 

By W. POyNtER ADAMS,. M.Jiisr.E.E. • ‘ 

PAITI.-XIINPHBOLMB. ^s-oet 

Skdnu Euiti- j.. Willi imiKiitAnl m w Appendix, illuKlrarnlK and defining: iidri<- 

id ju liul < in HI iiM . ^ I 


Contents. -Svi noN I.- 'Im Mi.iiam^m m tub Pbtuh Cak.— The Enpn.-.— 
like Kiiiiiiie Aue.-<iiiies.' Elutni il UinUuit anJ Acci‘syiiie<>.- Mdiijtle Cylinder Rni>iiK<<. 
— Tlii Pcirol.— Tile I.I1.HSIS ami Uiivui,- riu iion II. -Tub M inai.hmbkf oi iiii. 
PcTKiL Cak, -T!ic Kii.;iiie. - 1 h> I-iiiim* uit\s)n.s.— Kleamal iKnili'in.— Ilie L'li.i<<yis 


and Jlniing ir -(iejiei.il iuliiI Vrri Ntiu.* (Iiii.saki.- Imibx. 

‘'hhtiiilil br laieAilly stii-lini 1 \ liio.. uIk. Iiiv<‘ .iMyniiii!' tn ilo with m‘iiogv«-/lM' 0 - 

PART II.-ELECTRICAL AND PETROL ELECTiflICAL 
MOTOR CARS. 

Pp. i.-x. + *21)2. \\ it!i .10 IllustraiiniiB, inclmliug Prontispirce ami 

;t PI ite- .rt. net. 

" ('level Iv nrilUii . wi'lli toiuid «( i<iii*iiiet.ilile lAlue.- /’luerii'al /fmpHnv 
'^01 Liiiijt’ ^\o’ H.uuIhomk* ('lotlL Wry Fully fllustutcil. ISn. net 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Cmpnithq the OeBiqning, Consiructiou, and Walking of Petrol Notois. 
l\y V. STJilCKLANl). 

flHKKIiAL ('ii.NTJa'i'"- PAr.T i. E.WI3«Ls - IIistiniP.ll - Ponei Rwiniml.-Ociienil 
ATuiiuenjiiit Ilf Eiiitiiie. - lamtum - r«ilniieti»ps#-i'yliiHleiN Pistons, VbIvi'P, Ac.- 
'Jrsiik Sluifla, (Yuiik I'linuilH'is, Cimis, Itutiupr- Ai — Piiin]ib. Klyvheelb ~ 

Plpe ArrAiitfeiiuiits. - Ruruip Onitio). IlnLiunuu; • Motor Cyrle EnRiiii'n.— 

Uuirip on." iwu-CvcIf .Motor. P.iiaIIiii Cnibunttoib.- Ohb PiiHlucrra ?aut 
II.: U .--(leneial ArraiifieniPiils • Clutelip^ -Tniimnii’Hiwi.- Diflm'ntlnl Oearv- 
UiuvMhI .lomtb. -Aviei .SjHm'i. Uadinb Kwh - limkes. M hifl*. — hVaini's. - 
Ntpeliid f.eur — Itadmtur. SUjis, MiiiiKiiunlA, JJoiiiietii, Ar — Lnlmeation. - llnll 
MMriUKii -Hwlhn -Fnelorn of AiMf (’aleMlatloMs of .MreiW’b - Siwclul Chnnuo ><pwd 
Geflrs,- .*<11001111 1 ’an-roiimii'n'Ml VpIiIcIps.- B«in>R('aTfc -I.M>XX. 

’•'^rouBhljrprMMpAl.Hidsiieiitilic . MV li*ie plcAsnii ' 111 irniiiinu'iidiiiKitliiall. 
—Mitjiutimif higiHti'r 

In MoiUuni 8vo. liamls^v ('loth. Witli 80ti Illustrations. 15s. net. 

OIL MOTORS. 

r/jcfV Development, Constiuction, and Banagvment 
G. LIECKKKLl). (Autborised English EdiUon). 
CuATHSTS.- Uiinld FiicN for Powir Pr-nluftlini. iK'n-fopnient of tht Prtnd and 
Esniflfj Moti le. - M.akiiipol llio I,atir fMialhii and IMnd Ejiirnii's -Iwiiliuii Devices 
-Bwiiiplesof Nl.itloii.«i Mild. ,\leol!<Vhii;dfui,anill’niileOtl Riiviiies. -AnUvnHihiles 
-d iip,#V»at. and Air-ship Eiimm's U-hieUs A'l , DriiPii liv Jiiji'nial (’irailiiutlou 
IS •Blues. Jlrwtloii ami Mlemlumv of EiPiine- Unveii with lii|tii(l P'nel -rorTwtlii.i 
|pniinliirmo.ln Kmiiiuiu • _ , , .v . . 

"(»neof ^10 iiioM poiiijHvlieiisneimWH'nlioiiswe bate pi rubi>*l, and oik- that can be 

ithoPoughl^nsniiiu'iiiled " - /’Wnrfwfli^fc-ieiP. 

InO(*aiyS>u. IIumlatAie Clotli. I’ll. i.-m. 1 I7C. JFkh 

^Ci;i0 Illustrations. Cs. net. * 

JCARBURETTORS, VAPORISERS, & VALVE?, 

used in Internal Combustion Engines. 

By KDIUMII) BUTLER, M.I.Mech.K. 

•Air. Atler wiTu-h with nuSnt Iniats pnietical kiKWledgr of ^ aulijccl, the Itook 
is isw wo lutve ei’i'y pleqii itwm r otsBniiien<Uug .” —AMy g wi<wI iwgiiRS’i'. 

fMOM; CHMUa StlFFIII t Ca„llinTEI). EXEUI JTREET. STUNS _ 
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OUlBLtS QRirm S (J0:s BUBLIOATIOBB 


WOBEB ^ 

ANDREW JAMIESON, M.1nsT|C.«., M.I.E.E^ F.RS.E., 

Ftnurfy Pr^fittsar eftttctrh.»l Mitjiui ring, T^fGlat. ami IV. ^Stai. Tick. Call. 

' PBOFEBSOB JAHBjlSOirS ADVANCED TEiT-BOOKB. 

Ai Cmm 8w. Fully JUustnUtd, 

STEAK AND STEAM-ENGINES, INCLUDING TURBINES 

ANU liUlLKKS. Viv ihu I'se uf Kni'inci'is .iml for SluJcnis prqwriqg 
for if.x-. With Soo p|L, over 400 IDusimtioni:, 1 1^ I’laies, many 

13 . of K., ('. diiii (i., (Jui'siioiis .mil Answiih, and all InM.N'.E. Exams, 
on Theory Hcjt ku-.^nt4. h.xTKBNTJi Kdi'HON, Kevised. lO.. 6 ( 1 . 

“ Hie Bkt ISook ret puUiilird fm the lue of Students 

APPUED HECHANICS k MECHANICAL ENGINEERING. 

^K\J.^n^ Kmiitt.N In Kivi* ^.ilin^*- > /*■ n.ini' Ml th- In^t. ('.A'. 

Eum. Ill Sution V. (i) \,. pil'd (jl Mu’ii^ili jmI 

l.lastiiit) os \JiiiMuI ; i;i''llicoi} oj '''nn.tiiii ' : .Sntiiiu'ri{(iioii|rii,i, 
Tii"'»ryol \'*o I’, of ,iiid II. (.Uiistions. 

ViiL. l.-Applied Mechanics, l.nvi (’i hv.». is. i. wm. os. 
M 11. ■ Strength of Materials. I’r. iv. i Avm. +jii4(. ss. 

„ III Theory of Structures. L .iqiCi. S\o l*|s I. will. • 2 sJ. 

M IV.- Hydraulics. i~i<ii*<'i. Sto I'p. i v\i 1274. j. ‘ 

. v.-Theory of Machines. I .ogi ( i. mo. .MiohIj. 

♦.* /fc //.s ralamei ua iomplrit i« ituit, amtuid \tptrattfyt\ 



professor JAMIESON'S INTRODCCTOR^ MANUALS 

OoinH bi'O. ITuk IliuftratuHs ami hxinHimtHon Paptrs. 

STEAM AND THE STEAM-EMPINE (ElementUT 

Manu.il of). For Fir.>i*Year Sludenls, fcfiminn an IntnNluuiion lo the 
Auliioi ^ Jiit^Tr W ml. . 'I w i,i j i ii Kurrn in, Revised and Knl.irt'.fJ. 3^ 

' Sliuuid lie III lilt lauds of avk' v eiiRiiii-eunit jppreDiite ’ - Prm tital Knfmata. ^ 

MAGNETISM AND ELECTRICITY (Practical Elefflent^ 

,Maiiu.ii o|). l*(ir 1 .is»-Vear StuilenK Willi Siud liisi.C.E. and 11 of E. 
Exatfl. nut^iiuT.s. I,ii.*irn Ehiticik,’ Revised and Eiil.ir(ri'd. 

•' A THOROI!<.IILY TKi’srwriHiHV Tp*l Ike V. PaAtTif j,..i , l|..j.--.A'«/Krr. 

APPLIED MECHANICS (Elementary Hani:al of). 

For Firai-Vtar biudciiU With R. of (J. ; and SfiiU. Ini4.C.E. 

f,)^.•^.^(ln.. Ki'iirni hoiriON, KeyJseu and Grratly Knlargl'i, 3/a < 
I " i'lw wyrk E(S VI!KV^(M.II tiVAUTiih, irhkJi «4y be condeased into the one woid 

‘‘ *1 . 

A POCKET-BOOK tf ELECTRICAL R0LES and TABLB|. 

• For the Use of Electricians and Kni'imyrs. Hy Joii\M]JNRO, C.E., 
and I'roh Jamii.si>n. I'ncket SiEe. lAalher, 8s. 6 C. AlNKTEtNTU 
. * EHetfji. 47. 




AND MKMUHQB, 
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^ORKS BT W. I. iiCQUOM BUM, Lll, III 

Thoroughly B^vM by W. J. BULLAR, OJL 

A "MANUAL OF APPLtlD MECHANICS j GompHung the 

Prindplet o^^'kaflcl and (linematioi, aiyl Iheoiy of Strnctnreai* 
Alechaoum, and Machines. With Numorons Dia^'rams. Crown 8vo, 
^'loth. Srvicntkkmtu KuriioM. 12 b. 6d. 

A MANUAL OF CIVIL ENGINEERING: Cumprihiu^ngin- 

Surveys, Karthwurk, KoundaiiooB, Masonry, ORig^jalf^ Motal 
Work, ifoads, Hail ways, liuiJs, Riven, Waterworks, tl^bonn, Ac. 
Wi^ Niimcraua Tables and lllustrationM. Crown 8vo, Cloth. 
Twkn’i V -Thihii EtHTicis. 16b. 


A MANUAL OF MACHI]{ERF AND MILLWORK: CW- 

*'"• prising the fSleomotry, Motions, Work, Streni^h, Conatmctkm, and 
Objects of Maohiuoh, Ac. With nearly 300 IHnstrations. Crown 
8vo, Cloth. 8KVKXTII Edition. 12s. lid. 


A XANDAL OF THE STEAH-ENGINE AND OTHER 

PKIME MOVERS. With a Section on Oah, Oil, and AlB 
« Ek«i.n>s, by JiKYAH Donkin, M.lnstC.K. With Koldmg Plates 
and Nuoiocoue Illustrations. C^wn ♦vo, Cloth. SEVr.NTKitHTH 
Edition, ilia. (id. 

JJSE^oL RULES AND TABLES: For Aivliitirts, Builders, 

^ «utfmeerH, Founders, Mechanics, Shipbuilders, Snrvoyon, &o. With 
Ai'Vkndw for the uw of KrACTiiioAL Enoinekus. By Profeasor 
jAmiwiN M^InstC.E., M*hK-K. Skvfnth Kwitioh. IOr. 6d. 


A MECHANICAL TSta-BOOK; A I^utiicul uud Simple 

lutiwiuetion to the Study of MBohanios. Uy Professor Rankike 
and K. K. Bamber, C.E. With Namcrous llhisirations. Crown 
8vo, cioth. Kirru Edition. »b. 

• • rv “WMJHABIC4I. TfXi-BaiK " «<U dmgud b9 I’roleswr 
tht Ntrwi ot ifoKMa/i. 


msduANEOOS SqiENTIFIC MPEBS, Part I. Tem]^ 

i»». Uluticits-. o' ^ 8^ 

PwtW. Ettmy Md it« iKuwl'jmutioia P«rt IH. W^Fm»i% 

K^dBcai of V«ta, *0. . ^fitb Momoir Kl^fow T™. 

wSrSnll PocOTit on rtA, Pl*t«i. »d *’»• 

ClotBT :Ub. 6d. " 

..».««-*A«H.gr«P!3^ SlStfe. 
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OHABLE^QHIFFmf A OOJb PUBLlCATIOml 


Third Ed.tioNi Than ighly Rnuti and Enlargtd. WUh 6o Fbtur nd 
Numenus Jllustrotions. HatLisome Chik. 34s. ^ 

HYDRAULIC POWER 

AMD 

HYDRAULIC MACHINERY. 

Bv HENRY ROBINSON, M.lN-r.C.E., I'.G.S., 

FBLLOV or Kiwi's (.‘OLUttiK, 'ONIXth: PROS. KUBRITt'S OP aVIL PNGINRKIIM'., 
ltlW,R COMJhIr., ITT . KTt 

COiVTSNTi -IlNLhtr^c tliroiii’Lnuttce-.,— FI dw Watei ihioiii'h Ihixs,— ALCumolaton, 
— PrerTtin.! Lifts.— II'M-.t- — Ivams — Ihiliniihi 1‘.n'.;mrs — Piiminni; K>ii;iiips.— Captuni. 
— Traverse!'^ ,’ii.U -'We-cliin^ M.«hiiu-s - Rivitcts .nul Simp 'Idi'U — Piinthiiig. 
Shpaniif;, ai* M.icliin«s -Lnu*. -t"il Dim )i huhik Mai lufirs — Drills am 

Cutlers PileUnviTs. EviasaUi.. - lJ\<!iauli.. MaLliiiiirv .mplicd la Hriilns^ Dock 

Gates, Wlic'l aipl riiibiiu'.— -sliwl-is \ '••.■leiiu am! Pcwit lustailations - 

Meters, &l.— Lnofx 

“The sLuuLuiI Wi'‘*rk mtir .pp'.' itmii i>l w il>.. p''i.) i '-Ciihii'p » 


'iSVrflni/ Eihtm, Eniatyn^ IKiiA AVoa/w/iim, it^wro/ 

P/ffH. nn>i .Jper fiinstrafH)i<i, 21 s. 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). ' 

^Vith I’nvctical lllnatratiouB of KN(tJXE.<i and ]^!MPS applied to Mlcmo, 
Town Water Si'hply, UK\iNAr!i< of Landa, &c., also Euonomy 
and Efficiency Trialo of I’ampiiii; Machinery. 

Br HKaVKY DAVKY, 

Monhor of 'be iDRlilntiifn of C>vil Kngin«<rr‘, Mpmlier of tfar Instav^ion of 
Mop’iaalMtl Kturm'-Rtu, F G S , dp * 

tJoirrasTS — Karly Hiatory «f I’miipinK Bn^inch—Stvaiu IWfdni,' Engjuea-Aa 
Putnpa ami PtHup Yalrwi— Geurrul I’rinciidw of Non-Rf»Utive I^umpiilii 
£n^M~Tfac Cominb Engine, f^iniplc and (JomiNjnnd -Tyi>w of Mining 
Engincfl— Pit Work— Shaft Sinking— Hytlrniilit. I'ranHiniiwion of Power in 
Blinee— Eli’ctric Tranwnnmitrtt of Power— Valve Gcaw of Ptiininng Ekiginea 
— Water Prebinre Pumping Enginw — Wat;; ' works Pinginos- Pnmpilig 
Engine Economy and Tnals of Pumping Machinery— Centrifngal and otiior 
Low-Lift Pnmiw— Hydraulic ftaniH, Pumping Mains, hv.- Imi>RX. 

••By the ‘one Knulmb BnpiieiT who pribiibiy knows moie nboul I*nnndng BlaeUaMy 
thHlI AH 7 OIHKK A VOLUUh KfcOOBMNU Till. RhSVITIi or LONO KirklRNCk AtD 

sTimv."— We A'ayo'n'r 

/ii L'ojfi f'T<.»rrt s*ii Uiiii’l'ii'fA' r/i./Jl. h’liflu llMniti'il. 

SEA WATER DISTILLATION. 

By frank NiM’wMAXUY, ol ih.* .Middle Temple, Itarrwteaat-Law. 
-tMKinM-.- Dinil'ima Mailiiii'ij. N* W.iti-i Mistni. -Mullipl'- llistiMloii -The 
Rvnpomtor. The ttii'iltiiiu tooilniMr hnoiiin - Miiilumrs. I'spfuM. uinunuiila:— 
Ttf nHti, I'listMlioii 'll ('•iiiiiM'iii uiul Im'iis •>! Mil.iK, lli'nioviil of Sonic, Clwintiig, 

Dverliaulrf.', At. Iniha. 

.1 

In fjftvtlvm Cf'itli. II i'll 1 1 /V)* i utj Tahin, 

experimental INVESTIGATRNS on 3HE POWER REQUIRED TO DRIVE 

i^oi^jLing 

‘TBA.1'1 lien Hl«M IHK liBBMiii OF -J. PlirPK. 





3 l CBAFLJtt QMiFFJN A OOii^ PUBLIC A TIOFB . ' 

WORKS *BT T'HOUAS WALTOR,/' 

NATAL ABO^TBCT. 

Fourth Ediito^. Illogliatet] with IN'es, Numerous Dia^rrami, and 
Figures in the Text. iKs. not. ' 

ST&EL SHTP'Si 

THXIB CON 8 TEITCTIOH AUD KAUrrBITAHpi. 

A Manual for Skipbuilden, Stt^'p SupermtendantB, StudaiU, 
a>)d Maiine Engineers. 

THOMAS WALTON, Naval Architkct, 

» AUfMAR or “know Viil h OWN SHir." 

(JoNnyiu.— 1. !iltnnfattturr of Cut Iron, Wnnutht Inm, and Httwl.— (Vim- 
poHition of Iron and Steel, Quality, StreioAh, TeHts. ftv II. ChmiiiaaticHi of 
SteelShips. Ill (VmvidiUfttionKiumakmw'rhoireofTnieof Vmel--Fr«mi&c 
of Ships. IV, Straioit exprienceil liy Shipn MetfuKlH of (.'^imimting aim 
CowMuriBg Streuirths of SIiiih V, f 'iinutnidion of Shij^ - Alturnutive Modw 
of Ounatraction.— Types ot Vesselit - irret, Self IViitfinini,', and Tronk 
Sfeeamen, fto.— Rivets and UiveltinK, Workmanship. VI. Vuiniting Air '’•go 
menta. VII. Mointeuauee.- iVevenliou »f Detenorstion in the Hnila of 
ShiiiB.— Cement, Paint. 

‘ So thoroogn sui) well wntten is n\erv ctiiplet lU tiie liook tbvt u imII i.cnlt to wlaei 
■nv of thru >« beinn wnrtby oi ex ■eetioiwl (in si vlKi^pilier, ‘he wnrs is Meellmt, uul 
will prove of irreet xeiue to thii'S lor h bom It m luieijAeit,' —rin t Ni/im tr * 

.... ^ 

In Handaome Cloth Very fully illubtrated. ?>«. Ud. net. 

PRESENT-DAY SHIPBUILDING. 

for Shipyard Students, Ships' Officers, and Engineers, 

By THUS. WALTON. 

Gkxkhal CfiNTEKTM.-'CUaaiticatiDn. -Materials n.sed in Shiphuil^iig.^' 
Alteniativo .Modes of (lonatructiou.— Details of Coiihtraction.— Franuag, 
Plating, Kivotting, .Stem Frames, Twin-.Scrow Arrangements, Water 
Ballast Arrangements, Iioadin:; and Discharging Ocar, &o.— I'ypaa of , 
VesaeU, including Atlinttc Linorh, Cargo .Stean.ni', Oil carrying Steamen, 
Turret and other Self Trimming Steaniera, Ac. - Imirx. 

“Kimple taiiKUW . . . rlusr uinl usnly follownl t1lii>.irntiiina”— Tfmw 
A'wyiiiMriAji Snpitb'uyoL 

'* We houilily roiximmeiid it to all aho luve to 'In with si)l|w>.' -Stnuuriiip, . ' 


Ki.kvknth EnmoN. lUmlnUedf Mandiumt Cloth, ('romdvo. i7s,6d. 
The Chapters on Tonnage and FreeJ^rd have been brought thorouihtr 
up to date, and embody the latest (i906) Board of Trade Regai'.tlons on 
theso BufaJecU. , 

KNOW YOUR OWN SHJP. 

I Br TIlOJfAS WALTON, Natm AiiciiiTior. 

Specialhg gmn^ed to suit the requirements of Ships' Offi. ert, Slupoumqn, 
% Superintendents, Draughtsmen, Enginqqfs, and Othht 
OOKTBiraA - UnpIscuneRt sivL UeAdmuKhl. - Moment* huoyanej. — Btraln. — 
ffltniGtuie.- Stability -liolkm; 'BsIlBstitor - Umdiii;!! -.ShUlliiK Caranea— Ifecfe if 
AdmWon of Wsu>r into .Ship. -Trim Toniisse. - KiutlMitm 'Lnad-hnr). -Calenlailaoa.— 
Set ot CaloulaHuiis from Actus! Drswlnas.- iMim. ^ 

"TlKFwork Ih iiftiliB hhttunl vsina ami a'l who so down la the vs In M''ips ihiw!'l nsbe them* 
stives sm'uiutiNl with - VnrU Ion usw wtf ^i) ^ *■ 

LOMIOII: CHMIE 8 GRIffill t CO, UMinD, Exbl ‘STREET, 8 TI|«IID. 
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NA^hlOAL WOBR&, 

GRIFFIN'S lUUTIGAL* SERlks.' 

Editbd bV luw. BLAOtMORB, • 

HaitM' Uariiier, Irlnb Claa l^lty Houw Carttli' tta, aAm; lut. V.A ; 

A‘ij> ^\KimxfHiniT, by Bailosb for SiiiOBa. 

♦ * 

'WUU ADVIMBLK HRRIia. " - “ A VIRf UIVDL 

“Imr SHIP ihoubl litvu iiu vholx mrmi»m a RinwxMB Lubart. Bad- 
«niiLl BUOMII, axAHLT PKiMTiiii Aud iLLn^RAT]U>."-£furr]Niaf Jmm. tf Gvmme m. 

The British Hereantlle Marine: ad Histsricai Sketch oMtsRiso 

■ud Ueyelupmeiit Ry the EuiToK, Oapt. Bumiioiix. 9i. 6d. • 

“CApUliiBihckttiore’RapLBHltni BfiuK . . fonUlin pAregmphi wgivwy polwl 
d InterMt the MercliAiit Maniie. ‘I he ^ Imum uf iHitt Inok ere thr non Talu- 
Aw.A to Uie AHA ceptMin that havf Rvut Ixum Ct^VPiUBD.”— JfmAoM/ Screue RndflU 

fllementary Seamanship. By i). WtuoK-BARKSK, Muter Miriiur, 

r.£.S.a, r.aa.H w'lth Iinineniui Platen, thicc in (iiilouii, and VtonttaglMa. 
Kina SiilTKiM, ThuMUKhly Kofued Wii»w OhaiihY <iu Cloada. Oa net. 

“Ihli AiiMikA&v HAHDAI^ liy CapI WiMOR Babkrr. of tike ‘Woweeiw,' IMBa 

-AthfHantnH, 

Snow Your Own Ship : A Simple Explana^ou of the Subility, Con- 
Atnrtion, TuuoaKe. aud ^booni of iOupi. R} Taue. Wautor, Ra.ti AnUteet 
KtKVlWlf KliinnR. 71 . 6 d. 

*' HR. sThwijf'a book wUI In' found vrrt osRfn.."- Tkr Knginetr. 

(liTlntlon : Theoretical and Practical By D. Wiuom-Bauui 

and WiLLiAa AumeiiAii. Hkcubu Bditiub, acviutd. Si. Od 
'•rBWina.7 the kind of aork winiital for the few Cortifloatea of oonpatM^. 
Ondldatei will And it IRtALllABU.'' ■Dundei' Advrftim, 


Marine jaeteorology : Por OSlcera of the Merchant Navy. By 
- WiSB Alt ALUireUAii, Flett t'laii Uuuoun, Navigation, Heieni'e and Ait DepaitBMU. 
2 WJlh Jlimtratioiu and Maps, and foenmiff reproducUim of lug page Ti. ad. 

* o(j^te the Bin pprucatiom oii thu iabJeot.">^'9k(r^iy/ (kurttr. 

• 

Uitltade and Longitude : How to And them. By w. J. Mulab, 

C,l. UawiBD Rwmoit, Re-^. Si. „ 

*'CBannt but prove auauquilMi^| to thuie itnUylug Navigation. -Jreruw AvAMrr 

Praetleal Mechanles: Atml^ to the reqairemente of the Bailor. 

Tbob. Uaouruk, Harter Mariner, f.AA.H. Thtbd SomM. Berirt^. la M. 
^^RUp WOBTO the money . . . ncaDii(Oi.T BibPm.”-Af|qnfV 

TMgronometry : For the Young 8dl|r, &C. By Rich. C. Book, of Uw 
naiM Nautical Tminlug l3olli«e, H.Sf.A * Woeoeeter.” Thibd EDiiiog,iaevlaad. 

“TWi xanimLT pRarriCAL and reliaMr wlmne "-SeAeofMMter. 

Pnetleai Aleebra. ByVioii. C. Bfck. Companion Volume to the 

- ■-SMpFiBpOu--. 

Honitel. Qfmvicb. Tin imwittOR, Thoroughly Bevtoed. la • 

■ «*^Keuwwoto. MUbLT f «hPW^' ^ ^ 

IwiMII; OH/mLErSIlSFIM !»■. flSTEIl STREET, STMIBI. 
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OJJAHLJUi ajtlFFlN Jt VO.'lFPUBLWAmFS. ' 


QBIFFlirS NAUTip A L SERIES . 

InLfoductory yokme.=i\Prieit S». 6d. 

THE ' c 

British- Mercantile Marine. 

By EDWARD “ BLACKMORE, 

HASnS WAMINFR; ASST ruiT iiV IKK IN>>TniTK« OP HAVA! ARCHITBaS, 

HRUBRR (IF 1K8 th<iTITiniON OP PW.INRRKS ANII SHII'Hl'ILhKRS 
IN bCUIXAM*. RlinilR (»P (.KIKMN S "HAtTlCAI. ShRIBii ‘ 

OmRAL CiOXTCTTH.— HroroRiOAL ; From Early Time* to IW-Pnfnm 
asdcr Upory VlII.-^To Ilrath of Mary Ihirini' Kluaheth'H Ki>i{!n Up to 
the Reiini of William 111. -llie IKtli aud I9tn (Vntiinps— Inetitutum of 
Kxaminatioiu Uuw and l*ni(rrm rtf Steiun PropuMon - Devehtpmtfnt of 
Free Trade Shipiang l^giAlation IWS to IKTS— “ LTckaley Hall*^ Caae - 
Bhipmaetera' AocietuM lioadiOK t>f nhi|M- Shipjonk’ TjPgiRlation, 1H84 to 18IK— 
Statiatioi of Shipping Tui reUH(>.VN'Er; ShitHtwncrti- I^Jicers Mariiu*;>- 
Untiea and Prewnt roeitKA. Edpcatiii.n : A StAiuan'R Kdii^atiun; m.at H 
ihocdd be-Praient Mmuih of Kdiicatlitn Hinta. UiM'li'Lliri AMD Duty— 
Poataorijit— Tlie SmooH in the Numlter of llritiab Seamen, a Matter 

^ wicjiHing the Atteutiuii of the Nation. 

“ ImBamao and lianocTiTp . . suit be md win n»pn and aiuonan' 
(UnatK litiuid 

"EvuT aiANOR of tba luhject i»> dealt with In a way which abowe that the wilier 
‘ kaowa the ropee ' tamtdarly "—AroUuun . 

"ItH ADSIRAIU bixtk I nne with niMful informatioo-Sbonld he Irtat 
laada o( ereiT aallnr tfetieni ifvnmr Awe 


Fifth Edition, Thormjhhj With ^ f latex {H i'olourni) 

anti HO Jfluatraiiotfg in Ut*^ IWf and netr Chaftler on ChuHx. 

r,lf^ 

Prim Hs. (• 

A BHAMUAEa op 

ELEMENTARY SEAMANSHIP. 

0. WIftSON-BARKKR, MAirrRHMA&MBK; F.K.B.E, P.K.0.R.,4a, fto. 

TUOieift BROTUU 0|I THE TRINITT Bj^Oai. 

Giniral OovTKirrH,— The BniMing of a /thip Parti of lltAl Mait% 
fte.— Ropea Kni»te, Kpliuini; Ac. — (tear, U' ad and Lig, 

Aaohon - SailiuakinK - The Ntila, Ac -Hamlling of Boata under flaO— 
Biffnala and SiicnulUng Rule of the B^iod - Kwiting and KeliiFiiig Witob • 
P3 bU of EtiqueiUi QloMary (d Sea Tenpa iiul Phruew-lndea. 

( •,*Tta« TOlDineuoDtaliuUieBRW anmutTniRoib 

"Thia ADSTBAeu niiroAt. by Oapt Wiuoa-KAuii of the ‘ TToreeicar,' mm to la 
pilinnn.r MeieNco and hoUi ft* (jliioe eioel^nily lo •Of'pmr'e Namuiifttaill ■ 

Aitbonfii Intended for thoee tbo A lo become OOoeni of the Menbau Nary, il irliPbt 
towod aaeful Uj au riCNmair dMouwia 

V Eoreoinplete LMtof itmfffin'eNAOiV^QBUBa.eMp t». 


CHUituS CRt?VlH & M , LWlTE0.mTER'8TBEET, STRAND. 
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GRIFFIN’S liAUTICAI^ 8EBIBS. 

^lOOND Kdition, and lUuttnUaiL * Price 8 t. Sd. 

N^VIGATTON 

PRACTICAIi AMI} THBOXtSTIOAX#. 

Bt DAVID WimiN.BARKEK, RNJi, P.EL 3 .K, Ao., ^, 

WILLIAM ALLINDHAM, 

mStCLASH UOBOUB<i, MAVIOAIMR, WnMCK AH1> ABT DlPABmiin. 

vnttb Numeroue 5Uu0tratioii0 and £iamination ftneattona. 

Gbmksal OoNi'iVTM.-Dffiiiitiiuia— liijiHnde ftad Longitndfr-lnftmmeDti 
of NAvuiition -(*on^i>n of -l*luie SailiuK— Tnvene SMlingf— D aj^i 

- ]*«raU(>i *l:wilui(; — Middle* liJititode — MwcBtw'i Ulart- 
Unthlor SailiAt;- (<urKut Ruling- Poritiuti by lieuiiwi-tiroa* Circle Seiling 
-■nie 'I^M-Quertiiina-Aiipemux: Comjiaoa Krmr -NmnwooB UwfDlHmti 
At —Index. 

" PuciULT the kind of « urk leqairml for the Mew OrtiflfUM of eompetoicr lo mdu 
from HonnuT Hatii to ntm Muinr OuididAtOH will find it iHVAUlAXU.''-2wi*i 

umi noon . . epocUlly Ailnpted to the Mew Knmbudona. Ao 

Aa|hontn(lAn Wiunti lUuMKtHiptoin-Siiphrmuimlent of the MtuUcai College HJL& 
‘ Wbrowitiir, who ben had mvat cipeneneo in tiio biUiiwt nrofalame of NoTigetiaB), ead 
Mff. AunR)RAii.awell*knuftU wnhv oathehi'iearaofMiTlgiajonuidNaDtlcalAitniiiOBy. 
« ikipptat World 


Handsome Cloih, Fiilli/ IllnUrateil. Price 7s. Sd, 

mariKe meteorology, 

FOR OFFICER^F TEE MERCHANT NAVT. 

By WTLUAM ALLINGHAM, 

«olut AnUwr of ‘•Martgalioi^'rhcorrtiMl iiud PtmUcbI.” 

With lamerouB Plaiei, Maps, UiagralL, and lllubtrationi, andaiaoiiBilla 
Reprodtiiition of^a Page from if actual Meteorological L«g-Book. 

SUlU^T OF CONTENTS. 

tttBOWWWiir.-IiuitmraenU feed nt 8ei(or Mrteondogioal hu^-Metuno. 

■ham Tncka." Boliitkin of the fyclAe I’mlilem.— ^tcemn Current*.— locbcm^OT* 
aS.- MI,.. irii,"iud lla».-Cloude.-ttiiln, B uowj jh T HeU.- 
■imfe, Ea®lnmi, (kmm«e, Meleora-LIgntaim, OoiptieAnUf, iMAanna» 

0 tbe iKf iiiiUbhtbia AMD rerfiioJjr the Rost idtssssnss, oo tUi nltlMk wia 
‘fMaaM to M||^l w n.'-.sAwier* »«f- 

for Cowplote Lw| of Gwrfi«'» Naotioal 8bm», aee p. IS. 

UMUKM: CHAILE8 QRIFFIN A 00., LIMITED. EXETER. STREET. STRRRR 




CBASiSS'ettlfFIN A 00.'S‘PUBL1GATI011S. ' 


ismriirg NiuncAL sesieb. 


TiuBD.EDmoii, RiYiau. With NmnerjnBiniiiitntioni. Price It. 6d. 

PRACTICAL M/^CHANICSi, 

. ^Fplied to 'che^Eequirements of Jhe Sailor. 
By THOS. AfACKKSZlK, Master Mariner, F.R.A.S. 
OniRAL CoHTiLein.~Re«)lnti()U and Cnni|Kiiiiti(m i»f Purceii -Work, done 
MadiincB and Living' 'Ike MHchauicid Powem: The Ijevtr, 

BcBidb u Bent LeverB— Tl>e V\ heel and Axle: WiudluRH ; CaiwUn ; 

Ch>l»jK^h— Tauldei : th^'‘*01d Man"— 'I'hc incliot^l Plane; the Screw- 
Hm OenSfr of iGravii^ uf a Hhiii and ('arKo— I’elative Ntrenv'th of llu)ie 
BtMlWM MaiuUa. H eniti, Ciar— DemckB and .Shenm- Calenlation of the 
Onw-breakinK Strrun of Pir Spar— ('entre of Kllort of HuilB-lIydrostatice' 
the Diving-bell; Staliility of Floating Lodira; the SIii]i‘h Pump, A'l*. 

" Will wobth the money ... will )>e found kxckedixulv hklpfdl."- 
8hlm^ World 

”No SHin' OrficKiw' bookoi^' will hoL-rfurth 1 h> etmiplete without 
Oarain Maukekzik'k ‘ Pbaltical M Pi'u iMCh ' Notwitliji^ndiDg my many 
nan’ experience at aen, it haa told me lum morr ihnv ii^ tn arquirf^ 
(Litter to the Pubbihert. fn>m a Alaater Mariner). ^ 


WORKS BY RICHARD C. BUCK, , 

oftbe ThrmtM Naiitn'a' Irk'ninx i nllere, II AI > Worecfter ' 

A MANUAL OF TRIGONOMETRY: 

With Diagram, Exapples, and Exercises, Price Ss. 6d.‘- 

Thiici) Ki>iTii>N, llevihfel and t'orn-ctod. 

•,* Mr. back’e 'lext-Book hiiB been m-h’uuv 1’1ihahki> vth a view 
to the EzanunatiouK of th' board oi Trade, in which Trigoia melry 
it ID obligacury auhjeci 

*'Thh iMiHiirm iwien ai mI a>M>uui toiimi — SiAr.'oiiia.frr 

A MANUAL OF ALGEBRA. 

Oewigned *o mnet Oh ftEquiremento vf Sailois and othorw, 
iSwovii Kdition, Keviacd. ^’’Ticc 3 a. iai. 

%*TiiMe alemeiita’y work., on Al/iraK^ ami iwoonnuvTM an* wntleii npeeially ftf 
thOM who will bt\o littiH ..ppiHiumiv >'t c .nieiliiiii! a Ti'aruer T'lev iie biaika for “Mir 
eHr." All bat the m)R|>leM fiplanuiDtis aatr. ilierrlori'. avoidwl, and aKiwua je 
the InrelaM are given Any )iiei«in may leadtly, ii> uarfful eitiu; harniiio muter of fbflr 
DoaleDtB, and tboa k,\ the fo ipdaiv.i. .'oi > fiirihor Tmthinimtiril oaurae. il loidred It le 


tenleiabla Tbn Mam|.l«.H and Kii«r.*i'e% ^ 
the OedetiBlif the " W nnvKrer * 

"(nearly arraii'.'e'i, and whIi ,;..i up 
/roeMeel JraFad"' 


iibtr.>iii the k.anintnaliobi'apc|lMtm 
A And I all. Miuiiontary Algebra''— 


3 kconl Kuivkin, lUiviBcd. With Oiagrami. J'riuo 2 ii. 

UTITIIW tinj LOMiniDE: Iw to FaH ttn; 

By W. J. MILfoAR, (\K., ' , 

*Lislr lyfttfio^f In the af Hnjfimrt i ml iOniilk^lfft n; llrutimd 

“ COBOTULT and t'LKAbrgr wMlnKK , t . cannet Imt ppjve ao jogafaitfam 
to thoie itndmg XaviimUon." ilarMe engim^er. ^ 

Hirnien will find it HA via and HiJCi'LR and (UgAiu^-fAe 

■ ^ V Koi nwanlme Um of tiurrit; y AiTicn^ltraiKii. uo n 81. ' ' 

lONDM; CHimiES fiRIF^ii 1 CO.. IIHITEO, EXeI!; b*TltEET, STRUD. 




SA^TWALt W0RK6. 43 

oaiFFirt; gAii 4 icAt jbmmI 

SKWirD JBditioh, Revued an^xtende^. In C^wn Svo. Ftion 4 *. 6 d. 

TIE LEGAL DUis OF SHIfm& 

Bt BENBDieT Vh. GINSBUKO, M.A« LLD. (Outik),' 

* iV the Inner Temple uid Northern Ctnnlt; BuTtetaral-Law. 

GtnenI Contents.- The qoaliilcttiun for the Fbtltion cd^lpmuter—IlM Con- 
tnet>i(h the siiipoviier-The HaMer'i iuty In reipecl of tiie Umr: bgi^eat; 
AMn’Dluxn ; Ducipilne ; PrnvlaionB, Aceommodstlini juid Medionl C'omforU ; njnent 
of Wi4n>H iiiid Uliuhai({o— The Muter'i Duty in rospeoref the HunmRon— Hie MaitO!^ 
Klosaotil BMpunitbllltiM - 1 'lie Sluier'i unty In roipeol of the Cnm-^^^'^.riater’i 
IhitV in Cue at CMiialtf'-l'he Muter’i Daty to cerUin PnbUe^nflHlUei— Tbe 
Muter ■ Duty In relition to Piliite, HiRtiili, rJiA end Light Dnei— Theffai^i Duty 
wn Arrive) et Uiu Port of iFleoberge— AppeinUMi releUve to urtelu Lent Ifelten: 
Boerd of Thule Certeflcetu, Dtcttuy deelei, Wowagr of Qrein CerKom, Loed Line Begnle- 
ttOM^ Lifh-ttving Appileucte, (‘rmege of Cettle el dee, Ac., fta— Copluoi Index. 

‘■ae InteUlgent Muter ilioulii fell to edd ttdi to bii llitol nMunry booki. Afeir Imu 
of It mey MV* a uwti i i m, Huinn hnoucM wonr Liierpeirf Jowraal of Commtm 

FIRST \lD AT SEA, 

Taiu EuintiN, Keviaod. With Coloured Platte and Numerons Ulnatra* 
tioos, and oontprinn.' the laiei-t llegolations ReanMting th( Carriage 
of Medical Storen on Hoard Ship. Priue 6fl. 

MEDIGAL AED SIGICAL HELP 

* FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

Br WM. JOHN SOS SMITH, FROA, 

^ Pniicipe! Medicol i iIBctiT, .Scemeu i linepilel, Greenwich. 

V*^e etteullon uf ell IntereiU'd »i uur Merchant Nevj » rcqnuted to this exeaadugiy 
la^ and veliieblr worh It !i iienlleii to ny tbit u w the outooma of many yura 
nonoei KxncRiBittt emungui .Sounicn 
,'‘000X0, joiiioiui-a, avAiLT HVLPn-L 7'Ar Lanra 


EfXFiMTH Edition. Sirl^, trilk Cluiptm oh Trim, /fsoyawy, and 
CalfulatioiHt. yvmrroiiHjIfiiMrittiimA. Jlandimte Cloth, Crown dro. 
/Vice 7 h. tfrf. 


KNOW YOUR OWN SHIP. 

, Bi THOMAS \TAi;raN, Naval Aeohitosi 


8^’cJly arranged tq suit the requifements of Ships' Shipowners, 

• Superintendeot\Dr(atghismen, Engineers, and Others. 

Thlt wofk explelna, In e Miiiie menuer, eneb Imnortent 
D«I(lweifht.-T»nueip-Krwlillrll - tUwieufJ -B»ovBiiry.-WT»m.-Htneinr^^ 
Btllieiing. — iioedlng — MiifUug CerjWWt —AdnilHwon of Weiar.»Ball 


,uMM ibr ^|pir ft*r whom it hts Iwii wi itteu - Skifpmt H iirW 

BYf THB flAMB AUyOB. , 

"steel SHIPS: Thei» Construction and M^ntenanoe.} 

e * (Bee cage 36 .) 


Vor Complnte of Cyprm's Naptioal Skmib, aw p..tnf. ,• 

l^jpoSTc^^ C0‘. UEJTED, ftETER STREET, 8IRM®. 




44 OHABLfS iJUFflN ^ (I0.*8 ^PUBLICATION ' 

*Bixtumh EomoKf T^orouj^/y Jtevineii. Large 8vo, OlelL/ 
pp. i-zxiv+712. Wuk lilHiip^ations, ntlueed from ^ 

; Worimj Ikawbtgt, ami 8 t'aka 21«. net. 

A MANUA/li OF 

MARINE .ENGINEERING: 

GOliPRISINO THE DKSKmiNG, CONSTRUOTION, AND '' 
WORKING OF MARINE MACHINERY. 

By A.E. SEATON, H.LMe 6 h.E.. H.LN.A. 

Gaig^L CoNTKNTB.— Vabt I.— Principles of Marine Propulsion. 
Part PA^iaples of Steant Engineering. Part Details of 
Marine Engines : llesign and Calcnlationa for Cylinders, Putons, Valves, 
Expansion Valves, &c. Part IV.-Prupelleni. Part V.— Roilen. 
Part VI,->Mi8cellanoouB. 

''The Studant, Draiishtanan, and Knstneer atii And tliu work Uie non valoaal) 
Hardboos ot Rafaretiee on the Manne Knaine now in eitftanre."— Armw So^mn. 


TuiTH Edition, Thoronghly Revised Pocket-i^ize, Loathur. 8s. 

A POCKET-BOOK OF 

NARINE ENGINEERING RDLEG AND TARIES, 

VOR THK P»K (iV 

Mirine EnglneerA Naval Architeets. Designers, Dranghtimw, 
Superintendents and Others. * 

By a. K SEATON, 'M.J.O.E., M.I.Medi.K, M.I.N.A., 

AND 

H. M. ROUNTHWAITE, M.I.M«ch.E., M.I.N.A,. 

“The heit IwKik of Ui kind, and Uh* itironuatniii is Inith iip-to dnti- iind ri'llsIA' 
Erftinrrr, 

. r 

In lAirge Kvo. Huiiilsomt' Cloth. With Kroiiti- piece, (i I'lates, 
li.) lit her lUiiitratioiiH, uud (Kl Talih l-<i. liil. net 

the: screw propeimEER 

And other Competing Instruments for Marino Propulsion. 

Bv A K SK\Tt)N, .M.InntCK., Ml.Mwii.K., M.I.N.A. , 
“(;(iiitttii)i<.i||tliHti'ii>>ifnl l<i kiiiiw atioiil the ■<i.'m-» iuoim'Di'I. . Ihoruu^Sly 
ap.tiM|nti'.' -.'frflwN*#;. 

•In Pocket Si»'. With .?6S Pages. .‘Is. Gd net, * 

ENGLISH-SPANISH and'SPANISHMNCfJSU. ^ 

SEA TERMS AND f^HRASES. 

By h.M.T-pAyM.wKB tJR\lf.\M HLWmT.‘ 

'MuM uiiiil «i i3ali<.iih'i iiK naiiMul It ' MtfAkip, 

t I ^ 

in CrN|vii H^u. flamUomo ('loth, .\laoy Diagrams, thi. (W|. nek 

DEFUiniONS IN NAVIGAJION AND NAifnCAC ASTRONOV 

• Hr !•. \i 1! 0 V K S .*S Hl> W K 1. 1.. . 

llKtd of thi' XaviimiHiti iM-partniHnl, A’IhmiI, po|t)«r * 

"Hr Alnat>.sitiiH()| wiiWs with « fitli kmaliiliif ol 'in^ Milijrrl,,inil •*ilb adminUa 
iharnr aa'— ‘ikiAwlifir ‘ . . ... * 

USDQN: mia GRiFHi I CO., umHed, diitR snEr, cnuia 
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^yuoND EditioVi IttmMd. In Cmn 8«n>, fttra, iHdk Mo^roM 
^ and t^M^-PhU. 7i. 6 (L set. ./ 

THE OALOUllS FOR * ENGINEERS 
AND* PHYSIOISTg, 

. INTEOBATlOir AND BIFFS&EfrTUTIOV, 

With Applications to Technical* Problems; 

jS(D 

OIiASSITIED BEPEBENCS USi; OF INTEGBi^. 

By PUOK. JiOUKRT H. SMITIf, A.M.Ih.sT.O.E., ko. 

■* IvlrreaUnkilumniRt «illi prartif*! illuhlimfmii* lA ■rtn*! Mrwmiijv, «ieSi» 
u abnndiuv rai tiuit coarifri rtifumu urmiic* ww* will k«»»‘ w m*™* ■ 
ikThiic Ui« tlnif of Hhup « ho «Mit ui iDUirriil m > hum. -Thf f uffiiwr. 

/n 4to, Boardt, 7«. 6d. 

.MEASUREMEr4T •conversions 

* (English and French): 

43 OEAPHIC TABLES OR DUGRAMS, ON 28 PLATES. 

Shoitiiuc * al»“« th« MrTOAi. Convimiom of MiABOHKiiBrai 
in UimsiiKNT U»iw 

OITmOm, Ams, Volumes. Weights, Stresses, Densities, QuantWes 
^ of Work, Horse Powers, Temperatures, fto. 

for M« «•# of Englnttn. Sumyon, AnflteeU, ohA CoHtraetm 

Hr PROF. ROTJKKT 11. SMITH, A.M.l}!Kr.C.E., M.LMKru.E., ftc. 

• AThose Tm» form the moht unique ud oompreheneiTe wUeotim 
i^Teiplaoed before the profession. By their nro mnoL Ume ud labour wiU 
*be saved, ud the ohanoos of error in calculation dimiuisheu. 

Tmu tomes. IVta-t Siw, L»Hwr T4mp, wl^ Gilt Mrm ^ 

^wtaSl on Special Thin with IlhirtnUoni, pp. l-xn + 854. Price llto. net 

(THE^EW “NYSTROM") 

TBE UEGBASICAl ENCISEErS REfERENCE BOOH. 

* BtJIENKY HABRISON SUPLEB. M.E. 

« Wo loel ourc it will Iw of isreat oemrommechBuicol e!«iiiewH."-a»//iwmiw. 

Tli£ STUaENT’8 MECHANICS: 

' "EliSoliiSotfto Uie Study rt rm» sad RdOon. 

Bt^'AMEB fi.*BBOWKE, M.A., M.I 11 OT.C.E. 

^ Witii DiagrenUi OhwnSvo. Cloih, 4 s. 6 d. I 

*TtooauM^wlfro«oB|»““ jf™"' -Aiknaum, 


• By tii^Haiw w. 

FOUNDATIWS of MECHAN,I08J 

p^irtwp riiitrtlwmygww. In Crown tea. II. 

yimn)ii. i)i iiiiia a»iFnii dVi, iwiTtHEffiiwlnEET, otmr 


i^HtFFlN i Cf0.*8 fUBLICATIONS. 


electrical '^NQINEERINQ. ' 

SicOMO Edition, Revistdi In Sw.i't Bumitmt Cloth. Profuitly 
lUmtmtoi w*k hatu^ Dia^mst | nd Fi§um. 241. net, 

eEKTRlL'SlECTEICiL ETiTIOES: 

Their Desiffn, Organisation, and Management. 

By CHAS. II. WORIUNGHAM, A.IC.C., M.Inst.C.E., M.lNsr.MRCii.K., 
Lite Memb of Council IuhlE. P , ud Eleitnc.(l £n('inrrr to tlv* City of ManJiuter . 

LlecimalEncineci-iu-nufftuthe Vilimrahv 
“OncMmiMOir VAUTABUt comkihviionn to CrntiAl Station lit'-r.iiiMjr wr h»ve lind 
fcr lOBiB 


la Laige 8vo. Ilandyimc Cltdh. Profusely lllu'iirntt'il. 12 s. 6d. net. 

ELECTRICITY CONTROL.* 

A lyMtlse on Electric SwUchgear'And Svetemi, of Electric Transmission 
By LLONAKD ANDREWS, / 

Anociatc Mcuiliri of the ]i><attutiriii ot i'lvtl En/ncfYs. .MihiIkt oi the Iu‘titution^«' 
Lletincal kiiKiti'tr , A, 

Gcnenl Pnnct)iles of bwitihjtras l>e>iiri*.-( 0ll^lnl^t■l1nAl Prtails -(.luuit Ureokers or 
Arc Inlerruptinc l)»ius.- Atttoiiiniit.ilty(Wraie(i Cm uii Ihtakeis - Alirmptigp ketene 
Cunent Device. — Amnigciuent i>l 'fiiis iiars, aiul Ap}unitu>> lor ISirJItl Liinmny >- 
GcaenI Arrani^inent of Controlliii,; AjijMratu.. fot llifch Triision S).ieiii<< - Grncra! 
AmuKement of Contrulliiis AuiurAtii>> lor l.iw Tension Systetiib -Evamplis of Complrtr 
Imuliiitioos — T ons Distaiice I'rAnviiission Schemes 
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